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PREFACE TO THE FIRST EDITION. 



Thb design of this handbook is to present a concise description of the 
various methods pursued in the clinical examination of the thoracio 
and abdominal organs in health and disease, and an estimate of the 
diagnostic value of the results so obtained ; the examination of the 
Larynx is treated of in an Appendix. 

The general plan of the work, both as regards the order in which 
the different methods of exploring each organ are discussed and the 
account of the conditions likely to be met with, is naturally that of a 
systematic, scientific inquiry. 

Our description, however, particularly when dealing with the 
purely physical methods of examination, will be found to vary con- 
siderably in form and fulness, according as groups of similar phe- 
nomena, belonging possibly to different diseases, do or do not admit 
of being explained by common causes ; in the latter case a detailed 
account of the symptoms has been given. Whenever the nature of 
the subject permitted, I have endeavored to preserve a certain uni- 
form order also in the arrangement of details, taking up first the signs 
obtained by each method of exploration, then their causes, and lastly 
the physiological and pathological conditions, and the diseases, in 
which they occur. In this way only was it practicable to include 
within our relatively narrow limits the large number of pathological 
phenomena elicited by the various modes of clinical examination. 
That an account of this kind, indeed, should not be absolutely com- 
plete, that it should fail to take cognizance of efoery deviation of the 
symptoms from the fundamental pathological type, is unavoidable. 
Though in the course of a long official connection with the Poliklinik 
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of the University of Berlin I have been enabled to lay up a large 
store of observations of this nature, I felt that to introduce them into 
such a work as the present would be as injudicious as it was unneces- 
sary, as it is only when viewed in relation to the other cliaracteristic 
symptoms of the affection under consideration that such facts retain 
their pathological or diagnostic interest ; apart from the special case 
in hand they would not merely bui-den the text, but the whole work 
would lose in uniformity and compactness more than it could possibly 
gain in the value of its contents or in completeness. In the domain 
of diagnosis, as in that of every other subject of study, the principal 
object to be kept in view is the arriving at a knowledge of the es- 
sential phenomena; these and their physio-pathological causes once 
known, any departure from the type in particular cases is easily rec- 
ognized and understood. These considerations have been borne in 
mind in the preparation of this work. I trust that my task has been, 
at least to a certain extent, successfully accomplished. 

Db, Paul Guttmann. 
Beblik, 8ept„ 1871. 



PREFACE TO THE THIRD EDITION. 



Thb third edition differs from its predecessors in many respects ; not 
only have important additions and alterations been made in most oj^ 
the sections, bat large parts of several of the principal chapters have 
been completely re-written. Special cai*e has been devoted to the 
arrangement of subjects and the order in which their details are dis- 
cussed, as I have reason to believe, from public criticism, that it is to 
this feature that the former editions of my handbook owe their favor- 
able reception in Germany and abroad.* May the same good fortune 
attend the pre^nt edition. 

Db. Paul Guttmann. 
Berlin, Oet,, 1877. 



* Several translations of this work are in cironlation. The first edition has been 
translated into Italian by Dr. Glodomiro Bonfigli, Feirara (Milan, 1872) ; into Russian 
by Drs. Nikulaj and Chomjakoff (Kasan, 1872) ; a second time into Russian by Dr. 
Wischnewski (Moscow, 1872) ; and into Spanish by Dr. Luis 66ngora (Seville, 1878). 
The second edition has been translated into French by Dr. F. L. Hahn (Paris, 1877) ; 
into Polish by Drs. Eremer and Par6nski (Warsaw, 1877) ; and into Italian by Dr. 
Bonfigli (Milan, 1877). The third edition has been translated into English, for the New 
Sydenham Society (London, 1879), which is reprinted (New York, 1880) in '' Wood's 
Library of Standard Medical Anthoxa" 
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INTEODUCTION. 

Ik the examlDation of \be thoraoio and abdominal organs, the methods 
employed are almost ezclusiyely of a physical character ; this is certainly 
the case with reference to the exploration of the respiratory and circula- 
tory apparatuses, and in part also to that of the abdominal organs. 
Strictly speaking, the term phf/aiccU methods of examination is applied 
only to the practice of Auscultation and Percussion ; in the wider sense, 
however, it includes also Inspection and Palpation, as these latter fre- 
quently give as direct and valuable information as the two former meth- 
ods, particularly with regard to certain of the physical properties of the 
internal organs, such as their consistence, increase in size, and the pres- 
ence within them of air, fluid, etc. With equal propriety the term may 
be made to embrace the estimation of the temperature of the body by 
means of the thermometer, and the measurement of the shape and respi- 
ratory movements of the thorax, of the vital capacity of the lungs (Spiro- 
metry), of the respiratory pressure (Pneumatometry), and of the arterial 
pulse (Sphygmography), all these proceedings, the most important of 
which is Thermometry, being merely delicate aids to Inspection and Pal- 
pation, yielding precisely the same kind of information, but with much 
greater, even with mathematical, exactness. If to these methods of in- 
vestigation be added the examination of the secretions and excretions of 
the body, and in some circumstances also that of the blood, we shall have 
before us all the means which are usually employed in the exploration of 
the thoracic and abdominal organs, and which we propose to describe in « 
the following pages. 

It is obviously unnecessary to make use of all of these methods of ex- 
amination in every case ; some of them, indeed, are of but limited praoti- 
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oal application. The mode of procedure depends chiefly on the organ af- 
fected ; thus, diseases of the respiratory and circulatory apparatuses are 
recognized principally by percussion and auscultation, those of the ab- 
donlinal organs by palpation, those of the kidneys by examination of the 
urine, etc. These means taken singly, however, though of greatest im- 
portance in the particular case in hand, do not exhaust all the sources of 
information open to us; and it is desirable, especially in complicated 
cases, to have recourse also to the other forementioned methods, in order 
to secure a full and complete investigation. The diagnosis gains in cer- 
tainty and precision as the number of available methods of examination, 
and of the resulting pathological indications, is increased. 

It is, further, an essential part of a systematic pathological inquiry 
that a certain uniform order be observed in the application of the different 
methods ; the natural order is that first the general physical signs, and 
then the special, be taken up, as, without a knowledge of the former, the 
latter are apt to be misunderstood, and to lead to erroneous conclusions. 
The examination should begin, therefore, with the general inspection of 
the body ; the practised eye often discovers in this way a multitude of 
signs, which not merely declare which of the organs is at fault, but fre- 
quently reveal the nature and stage of the disease with absolute accuracy. 
Then only should the special examination be proceeded with. This ought 
never to be limited to the particular organs or parts concerning which 
the patient makes special complaint, as his sensations are often excited 
by purely adventitious circumstances. In the graver class of cases the 
condition of all the organs must be ascertained ; the physician thus fre- 
quently lights upon disorders of whose existence the patient, from the 
absence of subjective symptoms, had no conception, or complications are 
discovered without the knowledge of which a true understanding of the 
nature of the disease, or the formation of a sound diagnosis, is impossi- 
ble. The pathology of the thoracic and abdominal organs presents nu- 
merous examples of the intimate relation which the various diseases of 
these parts bear to each other, and of the importance of keeping this 
pathological connection before the mind in forming an opinion as to the 
origin and nature of the morbid process under investigation. 



GENERAL EXAMINATION. 



The symptoms of disease of the thoracic and abdominal organs fall nat- 
nrally into two groups, general and special : in the first are included those 
-which are caused by the reaction of the local disturbance on the system 
as a whole, and which may be common to the most diverse disorders; in 
the second those which are characteristic of disease of a particular organ, 
or even of the precise form of disease by which it is affected. 

One of the most prominent symptoms of acute diseases throughout 
their whole course, and one which appears also at various stages of many 
chronic affections, is 

Fbvkb. 

The chief indication of the presence of fever is a rise in the tempera^ 
tare of tJie body. 

In estimating temperature the Centigrade (Celsian) thermometer is' 
that in most general use, except in England and America, where Fahren* 
heiCe scale has the preference. Should the accuracy of the thermometer 
not be guaranteed by the name of the maker it must be tested by com- 
parison with a standard instrument. Where circumstances do not per- 
mit of this it may be verified with suflBcient exactness for practical pur- 
poses by simply taking the temperature of one's own body, or that of an- 
other healthy person ; as we know that this amounts to about 37*3° C. 
(99*14** F.), a thermometer which gives this result on being tried several 
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days in succession, each day about the same hour, may be pronounced re- 
liable. Even inaccurate instruments may be employed when the exact 
amount of error is known, allowance being always made for this in read- 
ing the scale. The best makers generally give with each thermometer a 
guarantee of its accuracy, or of the precise degree of difference between 
It and a standard instrument. The medical thermometer is fitted with 
but a small scale, as all the possible variations in the temperature of the 
human body take place within comparatively narrow limits ; thus, it is 
only in very exceptional cases that a point lower than 33° C. (91*4:® F). 
or higher than 43° C. (109*4^ F.) is reached. The degrees are divided 
into tenths, but differences of even a twentieth are usually quite appreci- 
able. This is precise enough for ordinary use, but for special scientifio 
investigation it is desirable to have a more finely divided scale. 

The temperature is most commonly taken in the axilla, occasionally in 
the rectum or vagina. The bulb of the thermometer should be intio-^ 
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duced beneath the border of the pectoralis major, the arm brought diose 
to the side of the body, and the forearm across the breast ; the patient 
then, with his other hand, either keeps the instrument in position or sup- 
ports the arm which is pressed against the chest. In the cases of chil- 
dren and weakly patients the attendants roust look to the fixation of the 
instrument. The thermometer must remain in position 15 — 20 minutes 
before the mercury can be said to have reached its utmost height, as it is 
only when the arm is brought into contact with the side of the thorax 
that the axilla becomes a closed cavity ; its temperature therefore rises 
slowly to that of the interior of the body. It thus serves no purpose 
to warm the instrument before using it ; time may be economized, how- 
ever, by causing the patient to close the axilla shortly before putting in 
the thermometer, 4 or 5 minutes being then sufficient for making an ob- 
servation, which is nearly as rapidly as it can be done in the rectum op 
vagina. This shorter method may be conveniently employed when ob- 
servations have to be frequently repeated, as, for instance, every 3 op 4 
hours. In special cases, when, on account of the surroundings of the pa- 
tient, the numbers on the scale cannot be read off with accuracy, a BeHf- 
registering thermometer becomes indispensable. (See Fig. 1.) In this 
instrument the column of mercury is divided into two parts by a small 
bubble of air, the upper portion, the index, being one centimeter in 
length. When the bulb is warmed the mercury expands, carrying the air 
bubble and index before it, and leaving them behind when it contracts on 
being removed from the axilla ; the position of the index then indicates 
the maximum temperature reached. Before using the instrument again 
it must be gently shaken, so as to drive the index towards the lower end. 

The temperature obtained in the closed axilla is that of the interior 
of the body and of the blood ; it amounts to 37°— 37-3® C, or 0-2**— 0-4* 
C. more in the rectum or vagina. This does not represent the temper- 
ature at every period of the day, but only the average for the whole 24 
hours. The temperature of healthy persons is subject to a daily fluctUr 
ation, entirely independent of external circumstances, rising continti- 
ously from morning till evening, and sifiking again from evening till 
morning. It is at its lowest, 36' 6^ — 36*7° C, at two hours after midnight, 
remaining about the same point till early morning ; it then rises slowly 
and constantly till 4 or 6 o'clock in the afternoon, when it is at its high- 
est, 37*5° — ^37*6° C. ; this temperature is maintained for a short time, 
when it again sinks, at first slowly, afterwards more quickly, to the 
morning minimum immediately after midnight. Thus the difference be- 
tween the morning minimwn and the evening maximtmi amounts to about 
V* C. Besides these daily oscillations the temperature of a healthy in- 
dividual shows other slight variations connected with different conditions 
of the body. JEJxercise, according to its violence and duration, raises the 
temperature to the extent of several tenths, or even of a whole degree ; 
the taking of food has a similar effect, whilst the conditions of sleeping 
and waking appear to have no influence whatever on the heat of the body. 
We also find slight differences in the average temperature at different 
ages ; it falls 0*1° — 0*2** C. from childhood to middle age, rising again 
later in life. Sex exercises no influence on temperature. 

Of the various fluctuations to which the temperature of healthy per- 
sons is subject the most important are the daily periodical oscillations, 
these being also distinctly appreciable in cases of fever, when patients 
are incapable of such muscular exertion as would be necessary to produce 
any change of temperature. The daily range of the temperature in fe- 



▲ HANDBOOK OF PHY8I0AL DIAGNOSIS. 5 

brile affections is frequently much more extensive than under ordinary cir* 
cu Distances, so that it is desirable, in order to be able to estimate it and 
the varying intensity of the fever at their proper value, to make at least 
two observations daily ; in severe acute diseases, however, when the 
height of the temperature furnishes indications for the adoption of cer^ 
tain therapeutical measures (such as cold bathing), and when the effect 
of these has to be carefully noted, the temperature must be taken at in- , 
tervals of 3 or 4 hours. 

Though the methodical use of the thermometer in febrile diseases 
dates only from 1851 and 1852 (Traube, v. Baerensprung, Wunderlich, 
&c.)y many thermometric investigations had been carried out in the pre- 
vious decade, and certain important observations, such as the elevation 
of temperature which accompanies rigors (de HaCn), the effect of cold 
bathing on the temperature in typhus (Cume), had already been made in 
the previous century. 

The temperature may be considered febrile when it rises more than 
half a degree C. (nine-tenths of a degree F.^ above the normal point for 
the time of day at which it is observed ; as, lor instance, a morning tem- 
perature of 37*5° — 38° C, or an evening temperature of over 38° C. taken 
m the axilla. Such a slight deviation from the standard of health is known 
as subfebrUe; when the temperature reaches 38*5° C. it is that of alight 
fever y above 39*5° C. that of moderately high fever ^ over 40° C. that of 
high fever. The highest recorded temperature, which occurred in a case 
of tetanus, is 44-7° C. (112*4° F.), rising after death to 45*4° C. (113-7* 
F.). In the most severe acute diseases (pneumonia, typhus, scarlatina, 
Ac), a higher temperature than 41*5° — 42*5° C. is seldom met with, ex- 
cept in cases of sunstroke and relapsing fever. 

The march of the temperature of the body in acute diseases presents 
three distinct types. 

1. Simultaneously with the commencement of the disease, which is 
nsually announced by a ri^or, the temperature begins to rise rapidly and 
continuously to a certain neight, 39°— 41° C. ; at this point it remains 
several days, showing only the ordinary daily fluctuation of 0*5° — 1° C. 
Under favorable circumstances the temperature then falls almost as speed- 
ily and continuously as it rose, usually within 12, 24, or at most 36 hours, 
to the normal point or even slightly lower, in the latter case to return 
again to the temperature of health when convalescence is established. 
Irie best example of this type is fibrinous pneumonia in the adult, in 
which defervescence begins about the seventh day, seldom earlier. The 
transition from the temperature of disease to that of health after this 
manner is termed Crisis, These three well-marked stages in the course 
of the temperature, namely, that of rapid increase {atadiwn incrementi)^ 
that in which it is stationary (the a,cme)^ and that in which it sinks to the 
normal point {stadium decremsnti^ or crisis), are clearly defined in very 
many acute diseases, though in some the periods are shorter, in some lon- 
ger, than in pneumonia. Febrile conditions in which the temperature 
during the acme shows little or no variation for several days receive the 
name of continued fever. 

2, In many other acute diseases the temperature rises more slowly, 
so that several days elapse before it attains its maximum ; this rise may 
be continuous, the normal daily fluctuations, however, — slight increase 
from morning till evening, slight decrease from evening till morning, — 
being still traceable, or it may be interrupted. The highest point being 
reached, it is followed by the period named acme or fastigivmy lasting 
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days or weeks, and characterized by much greater daily variations thaa 
are found in health. These exaceroatians and remissiofu resemble those 
of the normal range, inasmuch as they occur at the same times — momixig 
and evening ; the exacerbation is usually at its height in the afternoon 
or evening, the remission at its lowest point in the early morning hours. 
The daily difference amounts to I''— 2*5° C, or rarely d"" C. When the 
disease has a favorable issue the return to the normal temperature is 
gradiLaly and takes place either in a continuous descending line (that is, 
without the evening exacerbations), or in such a way that both the morn- 
ing and evening temperatures are each day lower ; or the morning remis- 
sion may be well-marked, while the evening exacerbation remains, but 
becomes smaller on each day and thus slowly approaches the morning tem- 
perature. This gradual re-establishment of the normal temperature, which 
IS accomplished in 3 — 7 days, is designated I/y8%8y as distinguished from 
rapid defervescence or Crisis / and the febrile conditions indicated by a 
stage of acme, or fastigium, marked by the above-mentioned oscillations, 
are named remittent fever, 

3. The third typical course which may be taken by the temperature is 
found in intermittent fever. The paroxysm begins suddenly, usually with 
a shivering, and the temperature speedily rises to a height otherwise reach- 
ed only in the most severe acute diseases, 41° — 41*6° C, or even higher: 
in a few hours it sinks as quickly and continuously to the normal point. 
On the third day (tertian type), less frequently on the second day (quoti- 
dian type), that is after 24 or 48 hours, the same phenomena are repeated 
at the same time. When the febrile paroxysm is later by a few hours 
(postponing type) the quotidian becomes tertian ; and similarly, when it 
is earlier by a few hours (anticipating type) the tertian becomes quoti- 
dian. The least common type is the quartan, in which the fever returns 
at the end of 72 hours. In the intervals of exemption from fever (apy- 
rexia), the temperature and general condition of the patient are perfectly 
normal. 

In other cases, of which the type is relapsing fever ^ the febrile attacks 
last longer, the temperature mounts to 41° 0. or higher, and returns to the 
normal point in a continuous line. The intervals between the seizures 
have not the same well-defined quotidian or tertian character as in inter- 
mittent fever, but vary in duration from days to weeks. The last-named 
temperature-types, the intermittent and relapsing, are sometimes closely 
simulated by the occurrence of sudden exacerbations in the course of va- 
rious acute diseases, depending on an extension or complication of the lo- 
cal affection ; in these cases, however, the temperature in the intermissions 
is never that of perfect health. 

The march of the temperature in chronic diseases, when they are ac- 
companied by fever, resembles that of the remittent type, with morn- 
ing remissions and evening excerbations, the morning temperature being 
slightly above the normal, the evening temperature indicating a consider- 
able degree of fever. In another class of cases the type is intermittent, 
the morning temperature being normal, that of the evening high ; more 
seldom the intervals of apyrexia are of one or more days' duration, during 
which time both morning and evening temperatures show no deviation 
from the healthy standard. Both these temperature-types are frequently 
met with, as in the caseous pneumonia which leads to pulmonary phthisis 
and in the chronic inflammatory diseases of the abdominal organs. — There 
remains to be mentioned a somewhat rare form of temperature course, 
the typua inversus^ occasionally observed in phthisis and other diseases ; 
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in it the remission takes place in the evening, the ezaoerbation in the 
morning. 

A second sign of fever is acceleration of the pulse. 

The pulse, in a healthy adult, beats at the rate of 60 — 80 times per min- 
ute, averaging 72 ; in fever its frequencv varies from 80 — 150. A pulse 
of 100 may be regarded as indicating slight fever, 100 — 120 moderately 
high fever, above 120 high fever ; a pulse of 140 — 150 is rare, even at the 
cnsis of acute diseases, and generally warrants a grave prognosis. Above 
150 — 160 the pulse becomes very small and thready, and is usually the 
immediate precursor of death in acute organic or zymotic diseases. A 
pulse of 150 — 160 occurs, in non-febrile affections, only in certain very rare 
cases of exophthalmic goitre (Basedow's or Graves' disease*). 

The acceleration of the pulse is for the most part due to the increased 
heat of the body. This view is supported by the fact that when animals 
are exposed to a great heat the heart contracts more rapidly, and when 
they are cooled again it acts more slowly; and further, at the onset of a 
fever the rise in temperature often precedes the acceleration of the pulse, 
and, in the same way, in rapid defervescence the pulse does not become 
slower till the temperature has first begun to fall. The elevation of tem- 
perature, however, though the most important, is not the only cause of 
the acceleration of the heart's action, as a given alteration of temperature 
is not always associated with a corresponding change in the pulse; and 
different individuals, having the same temperature, often show great dif- 
ferences in their pulse-rates. Those forces which in health produce a 
quick pulse, — such as muscular exertion, mental irritation, — operate much 
more powerfully in disease, and in that way tend to disturb the relation 
which undoubtedly exists between temperature and pulse. The same 
result may also follow the occurrence of certain morbid complications : 
thus on the accession of an affection of the base of the brain we may have 
a high temperature with a slow or even subnormal pulse, evidently in con- 
sequence of irritation of the origin of the vagus; and a rapid pulse with 
a relatively low temperature is frequently observed in cardiac diseases,, 
whether primary or appearing in the course of another affection. Fur- 
ther, in collapse and shortly before death the temperature may fall while the 
pulse rises. It is thus obvious that the frequency of the pulse cannot be 
regarded as a trustworthy measure of the intensity of a fever ; neverthe- 
less, apart from complications, the influence of a febrile temperature on 
the pulse is thus far manifest, that when a considerable alteration of tem- 
perature takes place the pulse never remains entirely unaffected, but in- 
variably responds to a certain extent. The frequency of the pulse in fe- 
ver, like the temperature, is subject to periodical daily fluctuations, hav- 
ing a morning minimum and an evening maximum: and, other conditions 
being left out of consideration, the extent of this daily difference bears a 
certain proportion to that of the oscillation of the temperature, so that 
according as the remissions and exacerbations of the latter are more or 
less marked the frequency of the pulse is more or less affected. The sub- 

* The nnnsual rapidity of the pulse in this affection is most probably referable to 
irritation of the sympathetic. Oases of eompremon of the vagus by cervical or intra- 
thoracic tumors are characterized by a very rapid pulse, the cardio-inhibitory function 
of that nerve being suspended by the pressure. I have, in one instance in which the 
vagus was involved in a swelling of the lymphatic glMids, noted a pulse of 160 aooom- 
paaied by no elevation of temperature. 
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sidence of the febrile pulse also, like that of the temperature^ may assume 
the form of crisis or of lysis ; in the former case it occurs rapidly, simul- 
taneously with the sinking of the temperature, and may reach the normal 
point at the very beginning of convalescence, while in the laUer case it 
takes place gradually, — sometimes continuously, but more often interrupt- 
edly, — with a slight rise each evening. 

Besides elevation of temperature and acceleration of the pulse, changes 
in the urvM rank as signs of fever ; these, however, will be discussed fur- 
ther on« 



INSPECTION. 



Mant diseases of the ohest and abdomen, acute as well as ohroniOy 
are recognizable at the first glance by a change in the color of the skin* 
The most common of these changes is 



Blanching. 

A high degree of pallor has always a pathological significance ; in a 
less marked form, however (as it is often seen in perfectly healthy per- 
sons), it can be so regarded only when the symptoms of the disease, sub- 
J'ective and objective, offer a satisfactory explanation of its presence, 
t attracts attention most readily on those exposed parts which are nor- 
mally of a red color, the face, the mucous membrane of the lips, and the 
conjunctivfB. 

It is caused, in every case, either by a diminution of the volume of 
blood in circidationy by deficiency in the number of red blood-corpuscles^ 
or by an unfilled condition of the capillaries. 

The decrease in the quantity of blood may be direct^ the result of 
haemorrhage from the lungs, stomach, bowels, or urogenital apparatus, 
or of the effusion of blood or blood-tinged exudation into the serous 
cavities. Or it may be indirect^ caused by a deficient supply or malassi- 
milation of food, — as in all febrile affections, in convalescence from se- 
vere acute disease, and in many chronic diseases of the alimentary canal 
and the organs connected with it. Further, we have the same condition 
produced when the system, through loss of albumen, is deprived of much 
blood-forming material ; instances of this are seen in cases in which there 
is copious effusion into the pleurae, pericardium, and peritoneum, in gen- 
eral anasarca and in albuminuria. 

Blanching from a deficiency in the number of the red blood-corpuscles 
comes under our notice chiefly in chlorosis and other anaemic conditions 
(anaemia splenica, pernicious anaemia) and in leukaemia. In chlorosis not 
only is the total quantity of blood in circulation probably diminished, 
but the red corpuscles mav be reduced to one-half their normal relative 
number, giving rise to sucn an extreme degree of pallor as is rarely ob- 
served in any other affection ; in leukaemia the alteration of the propor- 
tion of white corpuscles to red is due both to increase of the former and 
decrease of the latter. In these diseases, also, owing to the fewness of 
the red corpuscles, the blood is markedly wanting in haemoglobin, which 
may be reduced to one-third the normal quantity ; this is especially char- 
acteristic of some cases of chlorosis in which, not the number of the red 
oorpuscles, but their haemoglobin, seems to be lessened. 

Independently of any change in the blood, however, extreme paleness 
of the skin may show itself when, from any cause, the heart does not eon- 
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tract with mfficierU force to adeqtuiteli/Jill the arteries and capillaries. 
Of the many varieties of pallor which come under this category, the 
following may be mentioned : — that which is connected with emotional 
influences such as fear or f nxiety, and which is immediately produced by 
contraction of the arterioles from irritation of the vasomotor nerves ; 
that of syncope, which is due to sudden enfeeblement or even momentary 
cessation of the heart's action ; that which appears in fatty degeneration 
of the heart, and in those cardiac diseases in which, from engorgement 
of the pulmonary vessels, the left ventricle contains less blood than nor- 
mally (e. g,y mitral disease). It should be remarked that while it is true 
that blanching may arise from any one of the above-named causes, it 
most frequently happens that two or more of them co-operate in pro- 
ducing it. 

The skin is sometimes simply white, as in chlorosis, when the patient, 
provided there be no disturbance of nutrition, has otherwise the appear- 
ance of health. At other times it is of a dull earthy color, at once giving 
the impression of serious organic disease associated with disordered nu- 
trition and emaciation ; this is found chiefly in cases of malarial cachexia 
of old standing, leukaemia, amyloid and carcinomatous degenerations, 
and many other diseases of the abdominal organs. The absolute colorless- 
ness of the skin is occasionally varied by the presence of slight cyanosis; 
this occurs most often with those cardiac affections in which there is a 
tendency to overloading of the pulmonary circulation, and in various dis- 
eases of the respiratory apparatus. Caseous pneumonic infiltration, even 
in its early stages, is marked by pallor of the face, partly from repeated 
hsemoptyses, but principally from the remittent fever which accompanies 
it ; the whole countenance may be uniformly pale, or certain spots may 
be of a bright red color, — the well-known " hectic flush " of consump- 
tives. In these cases, also, the color comes and goes rapidly under slight 
physical or mental excitement, the face being suddenly overspread by a 
fiery blush, which just as suddenly disappears. These symptoms are 
most pronounced in young persons with a delicate skin and in whom the 
disease runs a subacute course. 

Another common change in the color of the skin is 



Cyanosis. 

It varies much in intensity, from a light bluish tint to a dark bluish- 
black coloration. In the extremities, and wherever the skin is most 
delicate and most vascular, — in the lips, the point of the nose, the eye- 
lids, ears, nails, tips of the elbows, and fronts of the knees, — it is earliest 
and most distinctly seen ; even when the cyanosis is extreme, and the 
whole surface of the body is discolored, it is most marked in the parts 
mentioned. The mucous membranes have the same bluish hue as the 
skin. Together with the lividity the superficial veins (in the arm, neck, 
fto.) are seen to be so overloaded with blood as to stand out like bluish 
knotted cords. Those cases must be distinguished from others in which 
the change of color is merely loca^^ and which will subsequently be dis- 
oussed. Cyanosis is always an indication that the blood is deficient in 
oxygen, and surcharged with carbonic acid, — ^that it is either not com- 
pletely oxidized in the lungs, or that, on account of passing slowly 
through the capillaries, it gives off too much oxygen to the tissues and 
absorbs an excess of oarbonic acid from them. It arises from one or both 
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of these o&uses, incomplete oxidation of the blood in the lungs and pas- 
sive congestion in the capillaries and veins, in various diseases of the re- 
spiratory and circulatory organs. 

Diseases of the organs of respiration lead to cyanosis either by pre- 
venting the access of air to the lungs or by diminishing the respiratory 
surface, both causes being usually in operation at the same time. The 
former condition is present in those affections in which there is any ob- 
struction in the air-passages, especially the larynx or trachea^ as in spasm 
of the glottis, croup, and laryngeal diphtheritis, intralaryngeal tumors 
in the neighborhood of the nma glottidis, enlargements of the thyroid 
body, and acute or chronic bronchial catarrh, in which the free entrance 
of air is hindered by the swelling of the mucous membrane of the smaller 
bronohL 

Cyanosis results also from lessening of the breathing surface^ in those 
diseases in which the pulmotiary vesicles are filled with infUtrcUion (as in 
the stage of hepatization in pneumonia), or are subjected to pressure from 
without (as in pleuritic effusion), or lose their elasticity and become ineo> 
pansihle (as in emphysema). In these and similar affections the air is not 
admitted into the alveoli, and when the whole of one lung is implicated 
the area available for respiration is reduced by one-half. But the intensity 
of the cyanosis is not directly proportionate to the extent of lung sur- 
face from which the air is excluded. The causes of this absence of direct 
relation are very various, generally peculiar to each case, and therefore 
not easily generalized ; the only constant circumstance is that the cyano- 
sis is most m^arked when the obstruction to the respiration is suddenly 
set up, and when the patient is strong and plethoric. Thus, pneumo- 
thorax following gunshot wound or the bursting of a cavity in the lung 
causes very considerable cyanosis, — a symptom which is not nearly so no- 
ticeable in an equally extensive, but gradually developed, compression of 
the lung by pleuritic effusion. There is a similar contrast between the 
symptoms of the acute infiltration of pneumonia and those of the chronic 
infiltrations leading eventually to destruction of the air-cells by conden- 
sation or atrophy of the lung tissue. Apart from special individual 
differences, the explanation of the fact that the slowly advancing diminu- 
tion of the respiratory surface in chronic disease is associated with but 
little lividity evidently is that the healthy lung gradually expands, and in 
that way comes to supply, to a certain extent, the place of the partially 
disabled lung. That robust, full-blooded persons, suffering from embar- 
rassment of the respiration, should present a higher degree of cyanosis than 
those who are anaemic is to be expected, as the more plethoric an indi- 
vidual is the more completely are his vessels — and among them those of 
the lungs — ^fiUed, and it is well known that the oxidation of the blood 
goes on more slowly when the vessels are distended than when they are 
partially empty. In phthisis, on the other hand, as the emaciation and 
decrease in the quantity of blood in circulation keep pace with the reduc- 
tion of the respiratory surface, the cyanosis is always slight. Cyanosis 
becomes extreme when, as in the emphysema which accompanies chronic 
bronchitis, both conditions which tend to produce it are present,~-ob- 
struction of the air-passages and diminution of functionally active lung 
surface. 

In vesicular emphysema the lividity of the skin is greatly aggravated 
by the state of engorgemerU of the systemic vei^is. In consequence of 
the emphysematous dilatation of the air-cells the capillaries distributed in 
their walls are partially or totally obliterated, and thus a considerable re- 
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sistance is offered to the emptying of the right side of the heart. This 
difficulty the heart is for some time enabled to overcome by hypertrophy 
and increase of power of the right ventricle ; eventually^ however, its 
muscular fibre becomes the seat of fatty degeneration, its action becomes 
weaker, the right cavities do not discharge the whole of their contents 
into the lungs and therefore cannot receive the whole of the blood brought 
to them by the venae cavse, so that a permanent engorgement of the ve- 
nous system is established, manifesting itself in an overloaded condition of 
the superficial veins (the cervical and brachial veins, &c.), and in cyanotic 
discoloration of the extremities. 

Cyanosis may further be directly caused by congenital mcUfarmations 
of the heart or by acquired valvtdar disease. Of the former the most im- 
portant are the rising of the aorta from the right ventricle, the existence 
of openings in the interventricular septum, and generally such malforma- 
tions as permit of direct communication between the two sides of the 
heart ; but persistence of the foramen ovale or ductus arteriosus does not 
usually occasion very considerable cyanosis. Mitral insufficiency, con- 
traction of the left auriculo-ventricular orifice, tricuspid disease, and fatty 
degeneration, being generally accompanied by overloading of the right 
heart, of th& pulmonary circulation, and finally also of the svstemic 
veins, tend ta induce lividity; this, however, does not occur so long as 
the impediment ta the circulation is counterbalanced by increase of power 
and hypertrophy of the heart, for although in these cases the vessels of 
the lungs are over-filled, sufficient oxygenation of the blood is secured by 
the greater rapidity of the respiration. It is only when the heart is en- 
feebled by fatty metamorphosis that it remains constantly overcharged 
with blood, and the complete emptying of the venae cavae is prevented ; 
there is thus developed a state of passive stagnation of the current 
through the capillaries and veins of the body generally, and cyanosis from 
the consequent free absorption of carbonic acid and the large quantity of 
oxygen parted with. 

In certain diseases of the abdominal organs cyanosis may be a very 
prominent symptom. This is observed when the diaphragm is forced up- 
wards, and the adequate expansion of the lungs in that way hindered, by 
the presence of. fluid or large tumors in the abdominal cavity (ascites, 
ovarian tumors, &c.). Cyanosis from such causes, when it does occur, is 
usually very intense. Lastly, marked lividity may result from partial or 
complete obstruction of the circulation by compression or obliteration of 
one of the large venous trunks : in this case the cyanosis is localy not 
general, and confined to the region in immediate connection with the vein 
implicated. The most common examples of this are seen in the cyanotic 
hue of the forearm and hand on compressing the median vein as a prelim- 
inary to venesection, and of the face in severe attacks of coughing. In 
the mtter instance the increase of pressure within the chest takes effect 
also en the large intrathoracic veins, so as to render turgid the jugular 
and facial veins. The lividity following occlusion of the veins of the 
lower limbs by thrombosis is not of a very marked character, as the en- 
gorgement of the vessels is relieved by a dropsical effusion into the sub- 
cutaneous tissues, and the circulation in the capillaries of the skin almost 
completely arrested by the pressure. In the rare cases in which the 
venas oavas are entirely obliterated the cyanosis appears in the upper or 
lower parts of the body, according as it is the superior or inferior cava 
which is involved. 

The livid hue of the skin in rigors, and that produced by the influ- 
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ence of cofd on exposed parts, are due to the contraction of the super- 
ficial arterioles and capillaries, and the consequent retardation of the cur- 
rent of blood through them. 

ICTEBUS. 

This veihu) discoloration is sometimes perceptible only as a slight 
golden glittering appearance of the most transparent parts, such as the 
conjunctivae!; at other times it is citron -yellow, orange, or even green or 
brownish-green (Melan-Icterus). In all severe cases it is observable on 
the general surface of the body, differences in intensity at various points 
arising from variations in the delicacy and normal color of the skin; thus 
the skin of the breast, and other parts usually covered, becomes more 
deeply stained than that of the face or the forearms of working people. 
When the blood is pressed out of the capillaries of such parts, if the jaun- 
dice be very marked, the tissues also are seen to have the same yellowish 
hue ; so also the mucous membranes, the internal organs, tissues, and 
fluids, all participate in this discoloration. The perspiration, the urine, 
and sometimes even the sputa, are similarly tinged, while the faeces gen- 
erally lose their brown color and acquire a gray or a light clay-like ap- 
pearance. Icterus almost invariably arises from the presence of some 
mechanical obstacle to the free flow of bile from the ductus choledochus 
into the duodenum; the secretion thus accumulates in the bile-ducts and, 
when these become over-distended, passes through their walls and is ab- 
sorbed into the blood. This is known as jaundice from obstruction or 
absorption. The most frequent cause of this impeded flow of bile is 
catarrh of the duodenum, the orifice of the gall-duct being closed by the 
swelling of the mucous membrane (Icterus duodenalis). Closure of the 
common duct, or of the hepatic duct, or of several of its smaller divisions 
(by gall-stones, carcinomatous tumors, cirrhosis, or echinococcus cysts), 
or decrease of the lumen of the various ducts (as by diffuse catarrh), tend 
to produce more or less icterus. The most severe form, Melan-Icterus, is 
met with almost exclusively in acute yellow atrophy of the liver. 

The only disease of the respiratory organs which is complicated by 
jaundice and duodenal catarrh, and that in a mild form, is the so-called 
bilious pneumonia. Icterus appears in the later stages of cardiac diseases 
when, the heart's action being no longer powerful enough to compensate 
for the embarrassment due to mitral or tricuspid disease or fatty degenera- 
tion, there is congestion of the portal circulation, swelling of the liver, 
and secondary catarrh of the hepatic ducts. Even in these cases it is 
never very intense, the skin being merely of a dull yellowish color, modi- 
fied, as there is usually also more or less passive congestion of the whole 
venous system, by a slight tinge of cyanosis. 

Jaundice sometimes occurs independently of any mechanical obstruc- 
tion to the escape of bile into the duodenum, in pyaemia, yellow fever, 
anaemia, after inhalation of chloroform and ether, occasionally after the 
exhibition of chloral hydrate, and in new-born children. This form is 
named hwmcUogenous icterus, — as distinguished from the forementioned 
h^atogenoua variety, — as it is generally believed to be due to partial de- 
composition of the red blood -corpuscles and subsequent change of the 
coloring-matter so liberated (haemoglobin) into a substance chemically 
related to the coloring-matter of the bile (bilirubin). This theory is 
based on the experimental facts that bilirubin may be detected in the 
urine, or that there may be a slight yellowish discoloration of the skin, 
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after the injection of a solution of the salts of the biliary acids into the 
TeinSy these salts having a solvent power over the blood-corpuscles, or 
after injecting various acids which dissolve their hsemoglobin. Transfu- 
sion, or even the mere introduction of a quantity of water into the veins, 
depriving the corpuscles of their hsemoglobin by the Qperation of the laws 
of diffusion, leads to the same result. In old extravasations of blood also 
the presence of biliary coloring matter has been demonstrated. Notwith- 
standing this physiological evidence, doubt has lately been thrown on the 
propriety of retaining in our classification a hc&matogenous variety of 
jaundice, inasmuch as the biliary acids, whose supposed absence from the 
urine in hasmatogenous icterus and presence in that of hepatogenous 
icterus have been regarded as sufficient grounds for the assumption of 
two genetically different forms of the affection, have been found also in 
the urine in pyaemia (Naunyn), and are stated to exist in traces in all 
urines (Vogel and Dragendorff); and further, many cases hitherto consid- 
ered as of hoematogenous origin, hepatogenous causes not being demon- 
strable, must now come under the latter category, as, even though the 
liver be anatomically intact, jaundice may be produced simply by nerver 
influence, whereby the calibre of the gall-ducts is diminished, the flow of 
bile mechanically obstructed, and the bile itself absorbed into the circula- 
tion. — Lowering of the blood-pressure in the hepatic capillaries causes 
decrease or even suppression of the secretion of bile, which is then 
absorbed within the liver (Heidenhain and Lichtheim). Of this nature 
are the icterus of animals which have been starved, that which is associ- 
ated with free discharge of bile through a biliary fistula, that connected 
with closure of the portal vein, and probably also that of the new-bom 
(as after birth the stream of blood coming from the umbilical veins to the 
portal vein ceases). The jaundice in poisoning by phosphorus, which was 
formerly thought to be haematogenous, is obviously hepatogenous, being 
caused by catarrh of the duodenum and partial closure of the orifice of 
the ductus choledochus (Virchow). 



Pigmentation op the Skin. 

From the disoolorations of the skin just referred to, which have their 
oriffin in a change in the color of the blood, are to be distinguished other 
vaneties closely resembling them, due to deposit of pigment in the tissue 
of the cutis. An instance of this is seen in the bronzing which most usu- 
ally accompanies disease of the supra-renal capsules (known as Addison's 
disease), but which sometimes presents itself when these organs are per- 
fectly healthy. It occurs in all degrees of intensity, from dull yellowish 
brown to bluish black, when it might, at the first glance, be easily mis- 
taken for extreme cyanosis : in two cases which came under my own ob- 
servation the skin was quite as dark as that of a mulatto or negro. The 
bronzing usually involves large tracts of skin, — when the disease has lasted 
long generally the whole surface of the body ; in most cases it affects 
specially the exposed parts (the face, backs of the hands), those which 
in health are most deeply pigmented (genital organs, nipples) and those 
which are subjected to pressure or friction (the folds of the axilla?, inner 
surface of the thighs, &c.). Its characteristic feature, which defines it 
sharply from all similar kinds of staining of the skin, developed suddenly 
or slowly in conjunction with disorders of the generative system, psychi- 
cal disturbances, &c., is that the conjunctiva bulbi and finger-nails are 
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never implioated. Another peculiarity noticed specially in cases of long 
standing is the occarrence of scattered spots of pigmentation both in the al- 
ready discolored skin and on the miLCOiis membrane of the lips and mouth. 
Pigmentation of the internal organs in Addison's disease has not yet been 
observed. The cause of the bronzing of the surface, and the explanation 
of its connection with disease of the supra-renal capsules, are still un- 
known. 

Argt/ria, staining of the skin from the long-continued internal use of 
nitrate of silver, more rarely from painting the throat with a solution of 
the same salt (Silvestri, Duguet, Krishaber), is but seldom met with, and 
consists of a deposit of black granular particles of metallic silver, or of 
silver compounds, in the cutis.* It is exceedingly like the grayish blue 
cyanotic hue which is so common in congenital malformations of the heart, 
but is distinguished from it, as is also the forementioned bronzing of the 
skin, by the fact that it does not disappear on pressure. It sometimes 
extends over the whole surface (though it may not be of the same deep 
shade at every point), is at other times confined to certain regions, espe- 
cially to the exposed parts, and does not pass away on ceasing the admin- 
istration of the nitrate of silver. It has no general constitutional effect. 
The deposit of silver is found not only in the skin, but also in the mucous 
and serous membranes, and in the internal organs (Riemer, &c.). 

Pigmentation of the skin in small circumscribed spots comes very fre- 
quently under notice. Many of these spots are of artificial origin, appear- 
ing after the application of vesicants, sinapisms, irritating ointments and 
liniments, while others are the sequelae of exanthematous eruptions, ulcers, 
&c. Though they may have no direct relation to the disease for which a 
patient may be under examination, they nevertheless afford much valuable 
information regarding his pathological history, and supply data which en- 
able us to judge better of the accuracy of his statements. 

JPitgriasis versicolor is a discoloration of the skin confined to certain 
regions, and caused by the growth of a parasite (microsporon furfur) in 
the horny layer of the epidermis. It is found in patches of variable size, 
slightly elevated above the surrounding surface, irregular in shape, and 
dull yellow or yellowish brown in color; its most common seat is on the 
breast, the back, or upper extremities, more rarely on the abdomen or 
lower extremities. These patches occasionally peel off spontaneously, or 
may be easily detached in the form of branny scales, when the skin below 
is discovered to be almost unchanged. The scales, on microscopic exam- 
ination, are seen to consist of masses of parasitic filaments, between which 
numerous roundish spores are arranged in clusters. Pityriasis versicolor 
is often associated with pulmonary phthisis and other chronic diseases 
leading to anaemia, but it frequently appears also in those who are in 
good health. 

Similar staining of the skin, though not of vegetable parasitic nature, 
occurs during pregnancy and in the course of diseases of the female gen- 
erative organs, such as tumors of the ovaries, uterus, &c. In phthisis 
polmonalis and many chronic diseases of the abdominal organs the face 
often assumes a dull yellowish hue, quite different from that of pityriasis 
versicolor. 



* In one case observed by the author, that of a patient suffering from gray degener- 
atioii of the posterior colnmns of the spinal cord, about 24 grammes of the nitrate of 
sOver had been taken in the oonise of three years ; it was only in the third year that 
the fizBt indioatioiis of axgyzosia were noticed. 
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CossTiTunox.^-Gx2nRAi« ^ uxKinov. 

The fforieiy of ccfutitution and the eondiHan of the nu^HHon of the 
patient can alBo, to a certain extent, be ascertained by inspection. A 
knowledge of the constitution with which we have to deal furnishes ui 
with many indications of great prognostic and diagnostic value. Thiu^ 
those who are feeblv constituted mav alwavs be said to be in more dan- 
ger from an attack of acute disease than those who are robust. This is 
especially true of acute diseases of the respiimtoij organs ; in the vigor- 
ous they generally terminate in complete resolution, but tend to recur 
or to pass into other forms of disease (as caseous degeneration or the va- 
rious processes resulting in phthisis pulmonalis) in those of a cachectic 
disposition. In the same way the bronchial catarrh which sometimes su- 
pervenes on measles or whooping-cough in weakly children often ulti- 
mately spreads to the alveolL In adults of unsound constitution bron- 
chitis shows a great tendency to return at intervals, to become chronio^ 
and eventually to develop into vesicular emphysema of the lungs, pneu- 
monia runs a longer course, is imperfectly resolved, or ends in caseoos 
metamorphosis, and pleuritic exudations are only partially absorbed, or 
become the starting-point of new morbid processes. It is often of great 
importance diagnostically to know the constitution of our patient. It 
enables us, for instance, to distinguish between the onset of caseous pneu- 
monia and that of a simple bronchial catarrh (two conditions which pre- 
sent much the same physical signs), as those who are of untainted con- 
stitution are not at all predisposed to destructive changes in the lungs. 
In this way also, even before making a physical examination of the chest, 
we can frequentlv reassure patients who, on account of having a chronic 
cough, are apprehensive of falling into consumption, as it is certainly but 
seldom that healthv non-cachectic persons are attacked by this disease. 

IVell- nourished individual have firm muscles, an elastic skin, and an 
ample deposit of fat in the subcutaneous tissue. This development of 
fat is usually greatest in those who indulge unduly in the pleasures of 
the table, but is sometimes present to a very considerable degree even in 
those who are comparatively abstemious ; its occurrence is also favored 
by a sedentary habit of life, and to a certain extent limited by active ex- 
ercise. Women often become stouter after the cessation of the menses; 
and amongst the lower classes the most common cause of obesity is in- 
temperance in the use of alcoholic liquors. 

Emaciation usually begins with the disappearance of the subcutane- 
ous adipose tissue; the skin is thus thrown into folds and wrinkles and 
becomes less elastic, the epidermis is occasionally cast off in the form of 
branny scales (piti/riasi^ tabesceufium in cases of marasmus in children), 
and the muscles lose in volume and power, so that those who are the sub* 
jects of much wasting are for the most part confined to bed. Extreme 
emaciation is always easily recognizable, though when slight it may be 
apparent only to tlie patient himself or his friends. The surest test of 
this condition, however, is comparative weighing at intervals ; in the 
chronic affections accompanying consumption this method gives the most 
reliable prognostic evidence with respect to improvement, aggravation, 
or arrest of the disease. 

There is always more or less wasting as soon as the weight of the ex- 
creta exceeds that of the food, etc., consumed. Thus it is seen in all dis- 
eases which are attended for any length of time by fever (the supply of 
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liutriment being almost stopped and the consumption of albumen in- 
creased), in persistent stricture of the oesophagus, chronic catarrh of old 
standing, dilatation and cancer of the stomach, chronic catarrh and ulcer- 
ation of the intestines, carcinoma of the liver and other organs, diabetes 
meliitus, etc. Diseases of the circulation, being almost apyrexial, are un- 
attended by emaciation. In acute miliary tubercle of the lungs there is 
rapid wasting, chiefly owing to the very high fever which accompanies it; 
it IS most probable also that the wasting which is such a constant and prom- 
inent symptom of that form of pneumonia which leads to phthisis pulmo* ' 
nalis is less due to the nocturnal sweating than to the febrile disturbance, 
as, notwithstanding his almost insatiable appetite, the phthisical patient 
rapidly loses flesh, but whenever the fever abates, and the progress of the 
disease is thus temporarily arrested, he at once gains in weight. 

Emaciation, apart from its prognostic signification, is of some impor- 
tance from a diagnostic point of view. Thus, of all the chronic diseases 
of the lungs, caseous pneumonia is the only one in which it is observed ; 
the other chronic lung affections, however, being almost free of fever, 
may run their course without being marked by any trace of wasting, 
though they may give rise to absorption of the parenchyma and to the 
formation of cavities, and offer therefore the same physical signs as are 
found in caseous pneumonia; such patients indeed, if only their digestive 
organs be in good condition, may present every indication of being per- 
fectly well nourished. 

The consideration of the changes in the skin and in the general nutri* 
tion should always be followed by an 



Examination op thk Subcutaneous Cellulab Tissue. — Dropsy. 

One of the commonest morbid alterations observed in diseases of the 
chest and abdomen, is (iccumidation of fluid in the subcutaneous areolar 
tissue (dropsy^ oedema). 

The part so affected becomes swollen, this being always the more 
marked the more lax the structures invaded — as in the genital organs. 
The skin loses its natural color, and becomes pale, tense, and shining. 
Pressure with the finger gives the sensation ot kneading a doughy mass, 
and leaves behind a more or less deep depression of the surface. This 
pitting is produced by the fluid being driven out of certain of the meshes 
of the subcutaneous tissue into those near it and communicating with it; 
on the cessation of the pressure the fluid slowly returns and the pit disap- 
pears. The obliteration of this pressure mark takes place quickly when 
the anasarca is slight and recent, but more slowly when it is extensive 
and of long standing, as in the latter case the skin has almost entirely lost 
its elasticity from the tension and maceration by the effused fluid. Dropsy 
is invariably caused by the transudation of the serum of the blood through 
the veins. There is a certain amount of transudation constantly going 
on even under normal circumstances, but the fluid is at once absorbed by 
the lymphatic vessels ; it is only when the quantity poured out becomes 
so great that these vessels cannot carry it off that it accumulates in the 
cellular tissue. 

The causes of the increased transudation of fluid are two — undutfvX- 

nesa of the veins and cotisequent increased prettsure on their vjoUa, or an 

abnormaUi/ watery condition of the blood which gives rise to changes in 

the walls of the vessels and renders them more easily permeable (Coha- 

2 



18 A HANDBOOK OF PHYSICAL DIAGNOSIS. 

heim and Lichtheim). Dropsy arising from the first cause is designated 
Passive dropsy^ as it always originates in obstruction of the current of 
venous blood ; that from the latter cause is known as Hydrusvnic dropsy. 

Passive dropsy^ when not strictly local, makes its appearance first in 
the dependent parts of the body, and on both sides — ^in the ankles and on 
the dorsum of the feet. At first, also, the swelling disappears during the 
night when the patient is in the horizontal position, the fluid being ab- 
sorbed by the lymphatics ; it returns in the morning, however, as soon as 
he leaves his bed. In time it tends to become stationary, does not dimin- 
ish during the night, and mounts by degrees to the legs, thighs, genital 
organs and the coverings of the chest and abdomen. To this is frequently 
added effusion of fluid into the peritoneum, pleurse, and pericardium. It 
is after this manner that passive anasarca occurs in cardiac diseases in the 
stage of compensatory disturbance, in which the venous circulation is em- 
barrassed and engorged on account of the constant overloading of the 
right heart — as in mitral insufliciency, stenosis of the left auriculo-ventri* 
cular orifice, in cases of fatty heart, in tricuspid disease and (seldomer) in 
the later stages of disease of the aortic valves. This variety of dropsy 
not unfrequeutly appears in advanced vesicular emphysema of the lungs^ 
and here also is due to the difficulty experienced by the systemic veins 
in discharging their contents into the over-filled right side of the heart ; 
it is usually confined, however, to the feet, ankles, and lower part of the 
legs. The most common abdominal causes of venous congestion are dis- 
eases of the liver (cirrhosis and cancer) and of the peritoneum (tubercle 
and cancer) ; as it is the portal circulation which is most immediately af- 
fected, ascites is the first dropsical symptom, this bein^ followed by oedema 
of the lower extremities only when the venous current in the inferior cava is 
impeded. Ascites alone, or followed after a considerable interval by oede- 
ma of the lower limbs, points invariably to disease of the abdominal or- 
gans, in men usually to cirrhosis of the liver. 

In dropsy from the second cause, /tydrcemia, the watery condition of 
the blood induces morbid alterations in the structure of the vessels them* 
selves of such a nature that the serum of the blood passes through them 
more easily than in health. Hydncmia depends, either on an impoverish' 
ment of the blood in respect ofalbwnen and fibrin, or on retention ofvocb- 
ter in the circulation from arrest of the cutaneous transpiratiofi or ditn* 
inution of the secretion of urine. It is chiefly in connection with acute 
or chronic diseases of the kidneys that the blood is found to be poor in 
albumen; in those affections also the increased blood-pressure within the 
renal vessels occasions albuminuria. The dropsy of recent renal disease 
is distinguished from the passive dropsy of cardiac affections by the fact 
that it usually shows itself first in the face, particularly in the lower eye- 
lids, and by its tendency to vanish from these parts and to reappear in 
other situations, as the lower limbs and the backs of the hands. It sub* 
sequently loses this metastatic, migratory character, and in the later stages 
of chronic nephritis becomes stationary; it is then most marked in the 
lower extremities, spreads upwards gradually so as to involve more and 
more of the limbs and trunk, and sometimes, like the passive cardiac drop- 
sies, gives rise, even at a comparatively early period, to effusion into the 
serous cavities. 

Dropsy from hydra?mia is observed in cases of insufficient nutrition 
{oedema pauperum), which, however, are unaccompanied by albuminuria, 
and in exhausting diseases, such as the last stages of phthisis. Most com- 
monly the oedema does not mount higher than the middle of the leg, be* 
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ing often confined to the region of the malleoli or the dorsum of the feet. 
The urine may be perfectly free from albumen, but should it be present, 
especially in phthisis, it indicates renal complication, usually of the amy- 
loid variety. 

One of the most serious complications of scarlet fever in the stage of 
desquamation is the occurrence of dropsy and reduction of the quantity of 
urine secreted, with or without actual renal disease. When the kidnevs 
are not affected no trace of albumen or organic deposit is to be found in the 
urine ; the cause of the dropsy in such cases most probably is the reten- 
tion of water in the blood, arising partly from the diminution of the renal 
secretion, but principally as the result of the disturbance of the cutaneous 
transpiration. It sometimes happens that sudden suppression of the per- 
spiration from exposure to cold or wet, in persons previously in perfect 
health, is followed by rapidly developed general anasarca. 

Dropsy of a local character, apart from a few cases originating in 
certain inflammatory conditions of the subcutaneous tissues is always 
caused by occlusion of one of the larger venous trunks and arrest of the 
current of blood within it. This closure is usually dependent upon the 
formation of coagula or thrombi in the veins, from the slowness of the 
circulation in the very old and weak, or in those who are much exhaust- 
ed by prolonged illness or confinement to bed, — Marantic Thrombosis, 
Thrombi are most often formed in the saphenous and femoral veins, more 
frequently on one side only than on both, and if the dropsical effusion 
be not too abundant the clot may be felt through the skin as a hard, 
prominent cord. The oedema gradually disappears on the complete re- 
establishment of the circulation. Occasionally the cause of localized oede- 
ma of the lower limbs is to be sought for at a point higher than the fem- 
oral veins, — in the iliac veins or in the inferior vena cava; here again 
it may be owing to thrombosis, or to compression by the gravid uterus, 
by tumors, &c. 

In many cases, however, localized anasarca cannot be very easily ac- 
counted for. I have under my care a robust, florid, otherwise healthy 
woman, 40 years of age, who for 10 years has suffered from oedema of the 
legs, reaching as high as the knees, and which during that time has varied 
but little, if at all ; in another case, that of a previously healthy man, an 
enormous dropsy of the legs and thighs appeared, subsided after a few 
weeks, and has not since returned. In both cases, notwithstanding re- 
peated and careful examination, no local or general disturbance that the 
symptom could be traced to was detected; the urine was free of albumen. 

Dropsy of one or both upper limbs occurs but seldom, and then it is 
usually produced by compression of the axillary vein (as by enlarged lym- 
phatic glands) or of the subclavian vein. Still more rare is anasarca 
strictly confined to the upper half of the body; it depends, as a rule, on 
thrombosis or compression of the vena cava superior, as by intrathoracic 
tumors or exudations, or aneurism of the aorta. 

In the case of a woman 30 years of age, formerly in the enjoyment of 
good health, I observed dropsy of the upper half of the body, extreme cy- 
anosis, and enormous dilatation of the veins connected with the vena cava 
superior, all these symptoms being fully developed within three weeks; 
the lower part of the body remained perfectly normal. Several of the su- 
perficial veins of the neck and back appeared to contain only coagulated 
olood. As no post-mortem examination could be obtained it can only be 
conjectured that the origin of all these phenomena must have been con- 
striction of the superior vena cava by pressure from without or by throm- 
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bbsis, as physical examination of the internal organs did not reveal the 
presence of the slightest morbid change. 

A second and rarer abnormity in the subcutaneous tissue is the accu- 
mulation of air within its meshes. 



SUBCUTANBOUS EmPHYSBXA. 

Like dropsy, it gives rise to a certain amount of swelling, bat as this 
is never so considerable as in that affection, the appearance of the skin is 
not altered. Emphysematous parts, like those which are anas&roons, pit 
on pressure with the finger, but not so deeply, nor does the mark last so 
long, as the elasticity of the skin is almost unimpaired, emphysema being 
a condition which is generally very rapidly developed. Its most charac- 
teristic feature is the /eeling of crackling or crepitation communicated to 
the hand on pressing the inflated parts, which exactly resembles that ex- 
perienced on pinching a portion of healthy lung between the fingers. Em- 
physema is very variable in its distribution, occupying sometimes a small- 
er, at other times a larger, area, and occasionally extending over nearly 
the whole of the body. After gaining entrance the air may diffuse itself 
indefinitely in the subcutaneous cellular tissue, as each mesh communi- 
cates with those around it on all sides; this may be demonstrated experi- 
mentally on animals, in which it is well known that the inflation of the 
entire subcutaneous areolar tissue may be affected from any part of the 
body. 

Subcutaneous emphysema is usually caused by internal or external in- 
jury of organs which contain air. Rupture of the cesophagus in the neck 
by perforating ulcers, from necrosis or the swallowing of foreign bodies, 
may produce it by allowing the air to enter the cellular tissue at that part, 
whence it may spread to the breast or further; but when the trachea or 
one of the larger bronchi is at the same time involved in the ulcerative 
process and so made to communicate with the oesophagus (broncho-oeso- 
phagcal fistula), emphysema is wanting. When, in cases of perforation 
of the stomach or bowel, the affected part becomes attached to the ab- 
dominal wall, the gas passes from these organs into the cellular tissue if 
the opening be large enough; where this attachment does not take place 
the gas is forced into the peritoneal cavity. Perforation of the larynx 
and trachea from ulcer gives rise to emphysema in the region of the throat, 
wounds of the costal pleura and surface of the lungs (by stabbing, gun- 
shot, or fractured ribs, and occasionally by the bursting of an abscess of 
the lung) to subcutaneous emphysema of the chest. In the latter case 
the air escapes from the ruptured alveoli or smaller bronchi at each in- 
spiration and passes directly through the torn costal pleura to the sub- 
costal areolar tissue when there are inflammatory adhesions between the 
injured part of the lung and the chest wall; when no such adhesions ex- 
ist pneumothorax is first developed, the air being subsequently driven from 
the pleural sac through the wound in the costal pleura, and so into the 
cellular tissue. 

Emphysema may also be set up by rupture of the air-cells, not from 
external injury but from over-distention ; here the air is forced into the 
interlobular septa, through the mediastinum, and into the subcutaneous 
tissue of the neck. It appears first in the fossa jugularis, then in the 
areolar tissue of the side of the neck, and finally on the surface of the 
chest. Weakness of the texture of the lung, forcible expansion of the 



▲ HAl!n>BOOE OF PHYSICAL DIAQK08IS. 21 

air-cellfl in severe dyspnoea, violent attacks of coughing, evidently predis- 
pose to such tearing of the alveoli, as most of the cases of this variety of 
emphysema are observed in connection with croup, diphtheritis of the 
larynx, whooping-cough and bronchitis in children, and advanced pulmo- 
nary emphysema in the aged. 

Sclerosis of the subcutaneous areolar tissue is a morbid change which 
is very rarely met with. The extent of surface involved is very variable ; 
thus, of four cases which I have seen, occurring in adults, in one the skin 
of both lower limbs and of the abdomen was affected, in two that of the 
arms and face, while in the fourth it appeared in small isolated spots on 
the forearms and hands. The indurated skin was in all the cases slightly 
cyanotic, obviously from compression of the smaller cutaneous veins. 
The pathogenesis of scleroderma is still very obscure. In three cases ex- 
amined by the author the internal organs were perfectly normal ; in a 
fourth the patient suffered also from Addison's disease, as in another 
case observed by Rossbach. In a case of almost general scleroderma 
Heller found small fibroid tumors and largely dilated Ivmphatic vessels 
in the areolar tissue under the skin, and obliteration of tne thoracic duct ; 
this gives a certain amount of support to the theory that scleroderma 
depends on some disease of the lymphatic vessels by which the flow of 
lymph b impeded. 



EXAMINATION OP THE ORGANS OP RBSPXRA- 

TION. 

Ikspbction of thb Thobix. 
Shape, 

The thorax displays endless varieties of build in its outline, width, 
length, depth, and m the shape of the different bones which take part in 
its formation — the clavicles, sternum, ribs, and vertebral oolumn. Its 
size is always directly proportionate to the volume of the lungs. A typi- 
cal, normally -shapen chest is rare. Our conception of such a chest would 
include perfect symmetry of its two sides, both in circumference and in 
the form of its constituent parts; a slight arching forward of its anterior 
walls, beginning immediately below tlie clavicles, rising midually to the 
nipples, and sloping downwards from tliat point to the Tower ribs ; the 
supra- and infra-clavicular regions should be on nearly the same plane as 
the clavicles, the sternum and vertebral column erect, and the scapulse 
placed symmetrically: when the subcutaneous adipose tissue is abundant 
and the muscles prominent the ribs may not be perceptible in the upper 
two-thirds of the chest, but only in the lower third, where the muscles 
are thinner. In men and in virgins the nipple is situated at the level of 
the fifth rib, sometimes in the fourth intercostal space. Below the fifth 
rib in men is a deep furrow (Sibson's fold) which marks the lower border 
of the pectoralis major, especially when this muscle and its fatty covering 
are well developed. Among the jy/ii/siological deviatio9i8 from this typi- 
cal shape may be reckoned the V7id%ie prominence of certain parts, such 
as the clavicles, the line of the costo-sternal articulations, and of parts of 
the sternum itself, especially near the junction of the manubrium with 
the body of the bone. To this category also belongs increase of the con- 
vexity of the ribs on one or both sides, most frequently of the second 
and third, and particularly towards their sternal ends ; this malformation, 
when it involves several ribs, gives rise to a marked bulging of the middle 
part of the anterior chest- wall. Depressions^ also of a physiological 
character, are sometimes observed in the anterior wall of the thorax, 
more often affecting the sternum than the ribs, and the lower portion 
rather than the upper ; indentation of the lower end of the sternum is 
not uncommon among workmen, especially among shoemakers from the 
pressure of the last. 

Pathological changes in the form of the thorax, of a peristent or tran- 
sient nature, are produced by various diseases of the respiratory organs. 
These deviations may be arranged in the following groups: 

1. Dilatation (enlargement, bulging), unilateral or bilateral. 

2. Contraction (diminution in volume, depression), unilateral or bilat- 
eral. 

3. Local depressions^ unilateral or bilateral 
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Dilatation of one side of the cheat of greater or less extent is brought 
about by the presence of morbid matters in the pleural sac (tluid, gas, tu- 
mors), more rarely by actual enlargement of the lung (hepatization of one 
entire lung). 

The most considerable degree of enlargement, involving the whole of 
one side, is found in cases of copious pleuritic effusion ; a less abundant 
exudation produces only bulging in the lower part of the thorax, most 
distinct on the'sides and back ; when the fluid is but small in quantity it 
gravitates to the base of the pleural cavity behind, but makes no alter- 
ation in the form of the chest. 

The first indication of distention of the thorax by pleuritic effusion is 
Jktttening oftfie intercostal spaces ; subsequently the increase of pressure 
gives rise to more general and marked enlargement. The levelling of the 
intercostal spaces is due partly to paralysis of the intercostal muscles 
from serous inflammatory infiltration, partly to the limited range of move- 
ment now possessed by the lung, which is reduced in volume by the 
pressure and no longer in contact with the thoracic parietes. When the 
effusion is not so abundant as to fill the pleural sac, but leaves the upper 
lobes of the lung free to expand and contract, this alteration in the inter- 
costal spaces is confined to the lower part of the chest, while the muscles 
above the level of the fluid remain unaffected. So long as the exudation 
makes room for itself at the expense of the lung the thorax is but very 
slightly enlarged ; when the quantity increases to any great extent, how- 
ever, the augmentation of pressure becomes more evident in the greater 
enlargement of the chest and the displacement of neighboring parts, the 
diaphragm and the organs immediately beneath it (the liver on the right, 
the spleen on the left) being forced downwards, the mediastinum towards 
the opposite side, and the heart, when the effusion is into the left pleura, 
towards the right side. Thus the long and transverse diameters are 
greatly increased, even more than is apparent from mere inspection. 
Should the fluid be absorbed within a short time the chest usuallv returns 
to its normal dimensions, but only when the lung recovers its natural ex- 
pansibility and elasticity. 

Accumulation of air in the pleural sac (pneumothorax) has the same 
effect on the external conformation of the chest as pleuritic effusion, but 
as it is, as a rule, suddenly developed, either from external injury to the 
pleura (by gunshot, stabbing, or fractured ribs) or from the bursting of a 
Buperflcial pulmonary cavity communicating with one of the larger bron- 
chi,* the lung collapses more quickly and completely, and the affected side 
soon assumes the form which it has after deep, full inspiration. Actual 
enlargement occurs only when the air irritates the pleura and exudation 
takes place, and the pneumothorax becomes a pyopneumothorax. If the 
case progress favorably, and the offending matters pass off by absorption, 
which does not often happen, the chest regains nearly its normal shape ; 
most usually, however, the original causes of the pneumothorax bring 
about a fatal termination. 

Extensive pneumonic inflltration of the whole of one lung is occasion- 
ally accompanied by considerable enlargement of the corresponding side 
of the chest. Vesicular emphysema of one lung can scarcely ever occur 

* In some rare oases pneumothorax has oconrred after an empyematons effusion had 
made its way into one of the bronchi, after the bursting of emphysematoas air-celU 
(Rheder). and after rapture of the oesophagus or stomach into the pleural cavity 
(Henbner, eta). 
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to such & marked degree aa to alter the form ot the thorax on thit side ; 
the author, at least, has never seen such a case. 

Tumors witlun the chest (mediastinal tumors, etc.) may also prodnoe 

•y perceptible proiiiiueiice of the affected side, and of the sternum. 
Bulg-injf of the lower uart of the thorax on the right side is ^nerallv 
owing to tumor of the liver (hydatid, etc.), on the left to Ewelliiig of the 
■pleen, on both sides to hypertrophy of both organs or to distention of 
kne abdomen by ascites, gas, or ovarian tumor. 

Bilateral miargemerU of the thorax is often observed in marked and 
advanced emphysema of the lungs; in typical cases we have the barrel- 
thaped chest, all whose diameters, — its length, breadth, and depth — are 
increased, the parietes being more prominent both in front and behind, 
the ribs and sternum more convex, the intercostal spaces wider but not 
puffed out to the general level of the rest of the surface. This change 
takes place in the upper and middle parts of the cheat, the lower portion 
usually remaining flat and of the normal form. In other cases this dis- 
tinctive barrel'Shape is wanting, the chest appearing to be uniformly en- 
larged in every part, even the lower portion being abnormally prominent; 
or the convexity may be limited to liie front, or more frequenily, to the 
back of the chest; and lastly, there are also certain cases of emphysema 
in which the thorax undergoes no alteration wliatever in size. 

These differences in the conliguration of the thorax in einphyseiHA 
depend on the dee^ee of intensity of the affection, the extent of lungim* 
plicated, and the .;ixact locality of the lesion (upper or lower, anterior or 
posterior, parts of the lung); the duration of the disease and the more or 
less yielding character of the thoracic walls also play an important part 
in determining these changes, so that they are more common, cceteria 
parifnts, among the young than in the aged. 

There is only a trifling difference in the circumference of the emphy- 
sematous chest in inspiration and in expiration, on account of the very 
alight amount of expansion and contraction which takes place in the 
lung; even after full expiration the thorax is abnormally distended, for 
■which reason the typical emphysematous shape has been named the pef^ 
manent innpiratori/ position of the thorax. 

The enlargement of the chest in vesicular emphysema arises from the 
fact that the lung becomes inelastic and does not subside naturally in ex- 
piration, the parietes ot the thorax therefore, being no longer called upon 
to execute the usual movements of respiration, assume permanently the 
form in question. 

The second ffrotip of pathological alterations in the shape of tha 
thorax include contraction, diminution in size, of the whole or part of 
one side. It occurs most often in connection with the absorption of 
pleuritic exudation of old standing or when the fluid discharges itself ex- 
ternally. Thus, if the lung be subjected to great pressure for months by 
a large pleuritic effusion its elasticity is more or less completely destroyed 
and it does not expand on being relieved from this pressure by the disap- 

Ipearance of the fluid, — it is completely void of air and takes up much 
less room than when fully inflated; the chest-wall, therefore, sinks grad- 
ually aa absorption goes on. The same explanation applies also to those 
oases of empyema which burst outwardly. In extreme cases of this 
nature all the' dimensions of the affected 'side are reduced, — most strik- 
ingly anlero-posteriorly; there is no trace of bulging at any point, the 
thorax is flat and sometimes shows on its anterior surface a considerable 
.^^ J 
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depression; its long diameter is shortened, the diaphragm being dragged 
upwards, the ribs made to approach more closely to each other, and the 
shoulder blades drawn downwards; its transverse diameter is less, the 
ribs being forced together, bringing the nipple nearer to the sternum and 
the shoulder-blade to the vertebral column than on the sound side, while 
the anterior mediastinum is displaced toward the affected side. Further, 
there occurs in these cases a distortion of the spinal column, the convex* 
ity of < which is toward the sound side, the dorsal muscles on the affected 
side, like the intercostals, becoming paralyzed from the persistence of the 
exudation, so that those of the sound side have no counteracting force 
opposed to them; in this way also the shrunken side of the chest has 
its transverse diameter diminished. — The upward displacement of the 
diaphragm and the dragging of the anterior mediastinum toward the dis- 
eased side have an important influence in altering the position of such 
organs as stand in immediate relation to those parts. Thus, in contrac- 
tion of the right side the liver rises and the heart encroaches on the right 
pleuritic cavity; in shrinking of the left side the heart is found situated 
further towards the left than in health, and above the level of the nipple. 
The heart's impulse viay^ nevertheless, in cases of sinking of the left side, 
be felt at a point more or less to the right of its normal position, when it 
has previously been dislocated toward that side by effusion into the left 
pleura and has there formed adiiesions. The most marked contraction of 
one side of the chest, after the absorption of long-standing exudation or 
the escape externally of empyematous fluid, takes place in children, be- 
cause in them we have the difference in growth of the two sides to add 
to the other differences. The diseased side has its development arrested 
while the sound side assumes vicarious functions and increases in size 
accordingly. 

I have observed one case, that of a lad 18 years of age, who in child- 
hood had suffered from empyema of the left side, which had burst through 
the skin and discharged outwardly, in which the left side was at most but 
a third of the size of the right, while the heart pulsated below the ri(/ht 
nipple ; it is thus evident that in the early stages of the complaint the 
heart had been driven over to that position, and had there contracted 
adhesions. 

The shrinking after the absorption of old pleuritic effusions is not al- 
ways of such a striking character ; sometimes certain parts of the lung 
become aeain expansible, and then it is only over those portions which 
remain collapsed that the chest-wall sinks. 

The same form of atelectasis as that produced by pleuritic effusion, 
and the shrinking of the thorax associated with it, might, ajyrioriy be ex- 
pected to occur after the absorption of the gas of pneumothorax, of old 
standing ; as the latter disease usually ends in pyothorax, or pyopneu- 
mothorax, its secondary effects generally coincide with those of pleuritic 
exudation. 

The third group of patholos^ical changes in the shape of the chest con- 
sists of circumscribed depressions of the surface, which are to be distin- 
guished from the foregoing forms of contraction chiefly by their being 
less considerable in degree and less extensive. They follow shrinking of. 
the lung, from whatever cause it may arise, and owe their existence to 
the fact that collapsed portions of lung occupy a much smaller space than 
those which contain air ; and as the spare room cannot be filled up by 
SAother organ, the corresponding parts of the chest-wall yield to atmos- 
pheric pressure and form depressions. By far the most common cause of 
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these concavities is caseous condensation of the lungs, and as this takei 
place most often at the anterior and upper parts, in the supra- or infn- 
clavicular regions, sometimes on one side, at other times on both, it is in 
these situations that they may be most confidently looked for. On tht 
lower part of the posterior surface of the chest these depressions are sd- 
dom seen, even when there is considerable shrinking of the subjacent 
lung-tissue, as the powerful dorsal muscles prevent their appearance. 

It not unfrequently happens that in chronic interstitial pneumonia and 
contraction of the pulmonary substance in children there are depresstooi 
on the surface of the chest of greater or less extent, sometimes even u 
marked as those connected with pleuritic exudation. In a case attended 
by me, that of a boy twelve years of age, there was such extreme shrink* 
ing of the right lung that the chest showed a very marked depression on 
that side, reaching as high as the fourth rib ; the diaphragm and liver 
were carried upwards to about the same level, while the heart was dis- 
placed towards the right side, and pulsated in the third intercostal space 
close to the sternum. 

The abnormities in the conformation of the thoracic parietes whidi 
have so far been under discussion are caused by diseases of the respink- 
tory organs. There is another variety, however, which depends on im- 
perfect development, and which itself not unfrequently gives rise to ca- 
seous degeneration and tuberculosis of the lungs. It is characterized by 
a long, narrow, and shallow chest, by sloping of the supra- and infra* 
clavicular regions, wide intercostal spaces (on account of the diminished 
power of tlie intercostal muscles), wing-like projection of the shoulder- 
blades (from tiie feeble action of the serrati), undue prominence of the 
acromial ends of the clavicles, and diminution of the antero-posterior diam- 
eter. The manubrium sterni takes part in the flattening, it sinks and so 
forms an angle (the angle of Louis) at the point where it joins the body 
of the bone. This is known as the par</lytic form of thorax, the phthisi- 
cal habit. Such individuals have an elongated neck, a delicate skin, long 
extremities, and clubbed fingers ; they may, nevertheless, in spite of ijl 
these drawbacks, enjoy perfect health, but when attacked by disease of 
the respiratory aj)paratus can never feel assured of making so complete a 
recovery as those who are of a more powerful build. — There is another 
group of deformities due to diseases of the bones, — to rickets and dis- 
eases of the vertebral column. A description of these, however, does not 
lie within the scope of this work. 



Mensuration op the Thobax. 

Very slight variations in the form and dimensions of the thorax are 
easily recognizable even by inspection alone, especially when only one 
side is concerned. In cases in which such a difference has to be deter- 
mined once for all a special measurement is scarcely necessary, more par* 
ticularly as the slighter degrees of difference, which may escape notice on 
account of the trifling inaccuracies often unavoidable in working with in- 
struments, are distinctly appreciable to the practised eye. When, how- 
ever, the form of the chest undergoes certain changes in the course of the 
disease, — when, for instance, one side is first enlarged by pleuritic effu- 
sion and afterwards contracts, it may be desirable to ascertain definitely 
the extent of these variations, in order to obtain a numerical statement 
of them with which to compare the state of matters at a later period. 
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With this end in view we take the measurements of the circumference 
and diameters of the chest and the extent of the movements of respira- 
tion, — the circumference by means of a tape divided into centimetres, the 
diameters by means of ccUtpers. 

The circumference of the thorax at the level of the nipple in front 
and of the lower angles of the scapulae behind, when the arms are raised 
and outstretched, amounts to about half the length of the body ; in well- 
built men the average is 82 ctmr. (32*28 inches) at the end of an ordinary 
expiration, and 89 ctmr. (35*04 inches) after a deep inspiration ; at the 
ensiform cartilage the circumference is about 6 ctmr. (2*36 inches) less. 
In old age it diminishes considerably, especially at the upper part, so that 
the lower circumference becomes the greater. Perfect symmetry of the 
two sides of the chest is rare, the right being usually 1 — 2 ctmr. (0*39 — 
0*78 inch) larger. In measuring only one side of the thorax it is necessary 
to avoid those sources of error which are apt to arise from differences of 
attitude on the two sidea 

The above numbers are those of Fr5hlich, and represent the average 
circumference in 725 men of 20 years of age, well -developed, and destined 
for the military service. Krug's measurements, ma^e on 3,331 men of 
80 — 34 years of age, agree generally with those of Frohlich, and show 
that the girth of the chest varied from 80-9— 83'-3 cmtr. (31 'BS— 32*79 
inches) during expiration, the average being 82*2 cmtr. (32*36 inches), 
and from 89*4 — 93*3 cmtr. (35*19 — 36*74 inches) during inspiration, the 
average being 90*7 cmtr. (35*71 inches); the maximum range of the in- 
spiratory movements was thus 8*5 cmtr. (3*35 inches). The circumfer- 
ence of the upper part of the chest in women is about 76 cmtr. (29*92 
inches), that of the lower part 70 cmtr. (27*55 inches). 

A knowledge of the circumference of the thorax throws but little light 
on the condition of the internal organs ; we learn merely that the chest 
is weakly or powerfully built. It is a well-established fact that a per- 
fectly healthy state of the lungs is quite compatible with a chest-circum- 
ference of 78 cmtr. (30*7 inches) or even less. 

The diameters of the thorax are: 1, the lonj diameter y measured from 
the clavicle to the base of the chest ; 2, the transverse diameter (t/ie 
breadth), a line drawn from a given point on one side of the chest to a 
corresponding spot on the other side ; 3, the antero-posterior diameter 
{the depth), a line passing from any part on the anterior surface to a cor- 
responding point posteriorly, most usually taken from the sternum to 
the vertebral column, whence the term sterno- vertebral diameter. There 
are various other special comparative measurements which are sometimes 
made on the two sides of the chest, such as the depth at the apex, from 
the clavicle to the spine of the scapula, the distance between the sternum 
and the nipples, or between the nipples and vertebral column, &c. The 
changes in the diameters of the thorax occasioned by diseases of the re- 
spiratory organs have already been stated (p. 29 et seg.). The long di- 
ameter is very variable, so much so that it is scarcely possible to fix on 
any one number as expressing its normal length ; the transverse diameter 
in the upper and lower parts of the chest in adult men amounts generally 
to about 25 — 26 cmtr. (9*84 — 10*23 inches), in women to 23 — 24 cmtr. 
(9*05 — 9*44 inches), and to 1 cmtr. (0*39 inches) more a little above the 
level of the mamma ; the antero-posterior diameter is about 16 cmtr. (6*29 
inches) superiorly, 19 cmtr. (7*48 inches) in the middle and inferiorly. 

When the chest is very much misshapen, especially from spinal curv- 
ature, the tape, as it cannot be accurately applied to the various parts. 
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Fxa. 9.— Fliiit*a cjrtometer. 



g^ves no useful or reliable information. In such oases Woillei' cjrto* 
meter should be used ; this instrument follows closely all the heights 
and depressions on the surface of the chest, and when removed furnishes 
us with an exact tracing of its circumference at the part examined. 

This ojTtometer con* 
sists of a number of small 
rods of whalebone 11 
cmtr. in length so united 
bj stiffly moving joints 
as to form a non-reolient 
chain ; at two points^ 
colored white, are ninges 
which are more freelj 
movable than the others. 
The apparatus is to be 
applied closely to the 
chest and by pressure 
made to adapt itself to 
its form, dipping into 
its various depressions 
(intercostal spaces), &a; 
it is then carefully re* 
moved, and its outline, drawn on paper, represents accurately that of 
the part of the chest examined. This measurement, repeated from time 
to time, affords valuable indications as to the progress of the disease 
under observation. 

Tub Movbmsnts of Rkspibation. 

In ordinary circumstances the dilatation of the thorax in respiration 
is effected simply by the action of the diaphragm and of the intercostal 
muscles, aided, in women, by that of the scaleni. In men the diaphragm 
is the most important of these agents; when relaxed it projects into tne 
thoracic cavity in the form of a dome, but when contracted it becomes 
flattened and descends, pushing before it the abdominal organs, elevating 
the abdominal walls, and forcing outward the cartilaginous parts of the 
lower ribs. This is termed, for obvious reasons, the costo-ahdominal 
type of respiration. In women the enlargement of the chest takes place 
chiefly in the upper part (costal type of respiration) y and is produced 
principally by the action of the intercostal muscles, and to but a slight 
extent by the contraction of the diaphragm. This type of respiration is 
not, as some hold, the result of embarrassment of the action of the dia* 
phragm by tight lacing and the pressure of the various parts of a lady^s 
attire, as it is observed in children of both sexes, who certainly are not 
exposed to these influences; it seems to originate rather in the greater 
flexibility of the ribs in both sexes during childhood, and in the female 
sex during the whole of life, the action of the intercostal muscles being 
more effective under these conditions. When respiration is very full and 
deep, in old age, and in certain pathological states, it occasionally takes 
the costo-abdominal form, even in women. All the diameters of the chest 
are increased in inspiration, the transverse and antero-posterior diameters 
bv the movements of the ribs and sternum, the long diameter by the con- 
traction of the diaphragm; it is by the latter means that the capacity of 
the chest is most of all increased. 
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The movements executed by the ribs are of two kinds, elevation and 
rotation. The anterior extremity of each rib is raised and carried for* 
foardy its fixed point being at the vertebral column; the rib is at the same 
time rotated^ so that its convexity, which was before turned downward, 
is now directed upward and outward. Further, as the ribs have a gen- 
eral inclination downward and forward from the spinal column to the 
sternum, the effect of elevating them is to bring them more toward the 
horizontal position; this is clearly seen in deep inspiration and in attacks 
of dyspncea. The sternum is raised and carried forward by the move- 
ments of the ribs. The antero-posterior diameter of the thorax is in- 
creased by the simultaneous forward and upward movement of the ribs, 
its transverse diameter by their rotation. 

The lung follows every movement of the chest-wall. Its expansion in 
inspiration, as has been proved by exposing the pleura, and by carrying 
on artificial respiration after opening the thorax, takes place in two 
directions, from above downward and from behind forward; for the 
former movement the fixed point is the apex, for the latter a point on 
the posterior surface of the lung. If the lung at any part does not im- 
mediately expand when the thoracic cavity dilates — a common enough 
pathological phenomenon — this is at once indicated by the occurrence of 
a corresponding depression on the surface. 

The diminution in the capacity of the chest in expircUion is due solely 
to the relaxation of the inspiratory muscles and to the elasticity of the 
lung; the ribs and sternum return to their former position, and the dis- 
tended lung contracts by virtue of its elasticity and expels the air which 
it contains. 

The extent of the movemefnt executed by the several parts of the tho- 
rax, which in normal and quiet respiration should be equal on both sides, 
is usually measured by passing an ordinary tape round the chest about 
the level of the nipples; in adults it amounts to 7 — 8*5 cmtr. (2*75 — 3*34 
inches) when standing upright, to ^ cmtr. less when sitting. The changes 
in the transverse and antero-posterior diameters are indicated on the scale 
of the calipers. Inequality in the range of the movements on the two 
sides, even when slight, is usually readily detected, and points to the 
existence of some obstacle to the respiration on the side which lags be- 
hind, especially to such impediment as arises when a portion or the whole 
of one lung is completely collapsed or partially deprived of air. In the 
former case the corresponding side is generally motionless, or moves but 
little, in the latter case it expands, but not so freely as the sound side. 
These points may be observed even when the patient is breathing quietly; 
a full inspiration, however, brings them out more clearly, as the differ- 
ence in extent of the respiratory movements in superficial and deep 
respiration is more marked on the healthy than on the affected side. 
Minute differences may often be recognized by examining the chest in 
profile, frequently also by watching the movements of the shoulder- 
blades. Thus, in patients suffering from large pleuritic effusion, when 
standing with the arms hanging downwards, the scapula on the diseased 
side is almost motionless, while that of the other side is considerably 
raised and has its lower angle turned forward. If respiration be embar- 
rassed in both lungs, as in bilateral emphysema, neither side of the chest 
moves much, sometimes not more than 5 — 6 cmtr., or even less. Should 
the obstruction be situated in the upper lobe of one or both lungs, — which 
occurs most frequently in phthisis pulmonalis, — the limitation of the re- 
spiratory movements is confined to the upper part of the chest on one 
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or both sides. In the latter case the finer degrees of diyergenoe fromtlit 
normal range of movement are recognized with some difficulty, as m 
have no longer the advantage of being able to compare one side with the 
other. 

Sometimes certain parts of the surface of the thorax near the apex oa 
one side, more rarelv on both sides, are observed to sink markedly in m- 
spiration and to bulge outward again in expiration. On close examina- 
tion it is usually found that those parts, which are, as a rule, situated oa 
the front of the chest and between the first and third ribs, are, even in 
the respiratory pause, somewhat less prominent than those in their imme- 
diate neighborhood. These depressions are generally connected with con- 
densation and the formation of one or more cavities in the subjacent lung 
tissue, and arise from the inability of the dense inexpansible lung paren- 
chyma to follow the chest- wall when it is raised in inspiration, and the 
consequent yielding of the corresponding parts of the surface to the ex- 
ternal atmospheric pressure. 

Inspiratory depressions are always very common in the lower lateral 
intercostal spaces on both sides, in the epigastrium, in the region around 
the ensiform process and sternal insertions of the lower ribs, in the supra- 
clavicular regions and the supra-sternal notch. These phenomena accom- 
pany the more severe forms of vesicular emphysema of the lungs and ste- 
nosis of the larynx (from croup, etc.). The cause in both cases is the rare- 
faction of the air within the lungs, and the consequent preponderance of 
the external over the internal atmospheric pressure. Direct proof of the 
accuracy of this explanation is found in the facts that inhalation of rare- 
fied air from a pneumatic apparatus produces sinking of the supra-clavi- 
cular regions and of the flexible parts at the base of the chest, and that 
those concavities, when due to emphysema or stenosis of the larynx, dis- 
appear on the inhalation of condensed air. 

It is evident that the air in the lungs must become rarefied in severe 
emphysema and in constriction of the larynx or trachea, as, notwithstand- 
ing the dilatation of the thorax and the expansion of the lungs produced 
by the energetic contraction of the inspiratory muscles, very little air en- 
ters the chest ; the internal pressure is therefore abnormally lowered, the 
external pressure becomes the greater, and the most yielding parts and 
those most distant from the larynx are forced inwards. The diaphragm is 
quite unable to overcome this pressure from without, and is rather driven 
upwards by it. The riffid parts of the chest, as they offer sufficient resist- 
ance to the weight of the atmosphere, are not subject to these inspiratory 
depressions. These symptoms are much intensified on taking a deep in- 
spiration, and are more observable in those who have wide intercostal 
spaces and are of spare habit. 

In many cases of dyspnoea of old standing, especially in aged ema- 
ciated persons suffering from emphysema, a shallow horizontal sulcus 
(Harrison's Sulcus) marks externally the lower border of that portion of 
the diaphragm which rises from the xiphoid cartilage. 

An important diagnostic point is often found in the relative extent of 
the movements of respiration in the upper and lower segments of the 
chest. When the impediment to the free entrance of air into the upper 
lobes is considerable the lower lobes act more vigorously and exercise vi- 
carious functions, the diaphragm contracts powerfully, the lower part of 
the thorax is widely distended, while the movements in the upper parts 
are restricted. This type of respiration is often seen in consumptives. 
On the other hand, if the action of the diaphragm be more limited, as ia 
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ohen the coae when it ia carried npwardi by the pressure of fluid or tumor 
in the abdominal cavity, or is forced downwards by pleuritic effusion or 
pneumothorax, the lower part of the cheBt-wall takes a less prominent 
ahare in the movements of respiration. Besides being hampered in its 
action from these mechanical causes the diaphragm may be partially par- 
•lyied from the persistence of the pressure and from the spread of the in- 
flammation to its serous covering. In acute fevers having a protracted 
oourse (such as typhus) there is usually a temporary enfeeblement of the 
diaphragm. 

More or less complete paralysiB of the diaphragm from neuropathic 
OBoses is rare, and is distinguished by the position of the diaphragin 
(which is pushed upwards into the thorax), and by the passive retraction 
of the epigastrium and of those parts of the chest-walla from which the 
diaphragnx springs. The appearances are thus the same, though not bo 
well marlced, as those which follow section of the phrenic nerve in ani- 
mals, the diaphragm being passively drawn up into the chest at each in- 
■piration and forced downwards into the abdomen at each expiration. In 
one case of partisl paralysis, long under my own care, occurring in a man 
otherwise healthy, the bulging of the surface of the abdomen was want- 
ing in shallow inspiration; with deep inspiration there appeared in the 
upper part of the abdomen a series of wavy elevations following closely 
on each other which, on expiration, returned and disappeared in the same 
order. These peculiar phenomena bad lasted many months. 

Stethoffraphy. 

(The ^raphta repraBentation of the moremeiiti of respiration. ) 

Various instruments have been invented for the purpose of graphically 
registering the movements of respiration. Vierordt and Ludwjg's con- 
sists of a. two-armed lever, the end of the shorter limb of which rests on 
the abdominal surface of the diaphragm, whilst the longer limb, fitted with 
• pencil, records its movements on a slip of paper which is caused to pass 
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before it. In other apparatuses (Rosenthal's, Gerhardt's, Marey's, Pick's, 
Ac), though they differ much in form, the principle remains the same, — 
an arrangement of levers gives a tracing of the extent of the movements, 
on a plate which glides past the body at a certain rate. It is obvious that 
with these instruments the movements of but one spot can be noted at 
one time. Riegei, however, has constructed a " double eUthoffraph " which 
enables us to examine at the same instant any two points on the surface 
of the chest, no matter how far apart, and thus to compare their tracings 
directly with each other. It consists of a strip of paper which is carried 
forward horizontally by clockwork, of two pencils which are kept applied 
to the two sides of the paper by means of lever-work, and of two separate 
lerers which are set ia motion by the rising and falling of the walls of tha 
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chest, and which communicate their oscillations to the pens. The tno- 
ings from the two sides of the chest, being on the same piece of paper, 
cau be easily compared with each other. The tracings may be increased 
in size by lengthening the arm of one of the levers; in this way the slight- 
est action of any part of the thorax may be demonstrated. The whole 
instrument rests on an iron stand, on the longer beam of which it is 
mounted and on which it is movable; the shorter beam bears the counter- 
weight. A simpler instrument than Riegel's has Utely been devised by 
Haenisch; it, however, does not indicate all the variations in the respiisr 
tory movements, but only the length of the inspiratory excursion at two 
corresponding points, such as the apices. 

Investigations carried on by means of the double stethograph show 
that under normal conditions inspiration is generally somewhat shorter 
than expiration, and that between them there is no pause, — that inspira- 
tion, having reached its termination, is at once, though almost insensibly, 
followed by expiration; and further, that the pause between any two res- 
pirations is exceedingly short. All parts of the thorax are not engaged 
m the same stage of the respiratory act at a g^ven moment; inspiratioD 
may be completed at one point but only begun at another, or in one part 
expiration may be only ending when in another inspiration has already 
commenced. There may be absolutely no quiescent interval when respi- 
ration is much accelerated; on the other hand, it is well marked when the 
breathing is slow. A comparative examination of the tracings also shows 
that in men both sides of the chest, all the intercostal muscles, and the 
diaphragm, are called into action simultaneously, and the inspiratory ele- 
vation is equal on both sides; that in young persons not infrequently the 
upper part of the thorax moves more than the lower (a condition which 
is reversed in old age); and that in women the range of moTement of the 
parts of the thorax decreases from above downwards. 

When pathological changes take place in the respiratory apparatus the 
stethograph gives much the same indications as simple inspection, but 
usually of a more striking character; thus the slight degree of elevation 
shown in the inspiratory tracing of a partially or completely collapsed 
lung presents a marked contrast to the high curve of the sound lung. 
Obviously the tracings are not diagnostic of the various causes of collapse 
of the lung (pleuritic exudation, pneumothorax, pneumonia, phthisis, &c), 
as they show merely that the respiratory movements are restricted; the 
greater the collapse the deeper the curve. Parts which sink in inspira- 
tion and become prominent in expiration give a reversed tracing, the in- 
spiratory line descending, the expiratory line ascending. The most char- 
acteristic tracings are those of stenosis of the larynx and trachea, and of 
emphysema of the lungs. In the first the expiratory curve is normal. 



cape of air from the chest which is most impeded. In severe and exten- 
sive emphysema the expiration is somewhat irregular, being relatively 
rapid in its first two-thirds; the obstacle to the expulsion of the air is then 
suddenly encountered, when, in spite of the powerful action of the respi- 
ratory muscles, the rest of the expiration is accomplished slowly and with 
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FbBQUENCY of THB RBSPIBATIOir. 

This, in health, amounts to 14 — 18 per minute in adult men, to a some- 
what lara^er number in women and children, and to 40 or more in the new- 
born. One respiration usually corresponds to four beats of the pulse. 
Position has but little influence on the frequency of the respiration, though 
it is rather faster when sitting or standing than when lying. The most 
extensive control is exercised over it by the will, — it may be voluntarily 
deepened or made superficial, accelerated or retarded, or even arrested for 
30—60 seconds. It goes on most quietly and regularly when Will and Per- 
ception are in abeyance, as in sleep. 

Of the deviations from the normal frequency acceleration is more com- 
mon than retardation. The rate may increase to 70, 80, or even to over 
100 per minute; generally, however it rises no higher than 40. Abnor- 
mal rapidity of respiration is called dyspnoea. Respiration is sometimes 
not merely quickened, but each inspiration may gain considerably in depth; 
at other times respiration is simply fuller, whilo its speed is scarcely in- 
creased, or may even be diminished. The latter condition also is known 
as dyspnoea. 

Respiration is physiologically accelerated by physical exertion, such 
as rapid walking, running upstairs, and generally by all those circum- 
stances which tend to increase the action of the heart. Those who are 
convalescent from severe acute diseases, therefore, begin to breathe more 
quickly as soon even as they sit up in bed, as the heart is thereby excited 
to more powerful and rapid contraction; the same effect is produced in 
some patients by mental depression or even by the knowledge of the fact 
toat they are being observed by others. All these disturbing influences 
have to be carefully weighed or excluded when we wish to determine the 
presence or absence of abnormal frequency of respiration, a symptom 
which, even when but slightly developed, has always great pathological 
significance. 

Acceleration of the Respiration takes place as a pathological phenome- 
non in the following circumstances — 

1. When there is any pain in any part of the thorax or abdomen to which 
the movements of respiration are communicated. The patient breathes 
hurriedly but superficially, in order to avoid adding to his suffering by 
causing disturbance of the parts affected, — a condition of which the on- 
set of pleurisy affords a good example. Painful affections of the ribs and 
of the muscles of the thorax (as in acute muscular rheumatism) are, in the 
same way, associated with increased frequency of respiration, to but a 
alight extent, however, when the pain is located in the investing (pectoral 
and dorsal) muscles, most markedly when the proper respiratory muscles 
(the intercostals and diaphragm) are implicated. 

In one case of acute rheumatism of the entire muscular system of the 
chest I found that the respirations numbered 40 per minute; in another 
case, in which the symptoms seemed to point to inflammation of the dia- 
phragm, the respiration was over 50 per minute, while the diaphragm re- 
mained almost motionless, the slightest attempt at deep inspiration be- 
ings cat short by agonizing pain. 

The breathing of those who are suffering from acute pain in the ab- 
domen (as in diffuse peritonitis) is exceedingly shallow, and therefore 
▼wry rapid, as the contraction and downward movement of the diaphragm 
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and the consequent displacement of the abdomiiial oigmns are ttnu re* 
duced to a minimum. 

2. Increased frequency of respiration is an nnfailing' concomitant symp- 
tom in a\\ febrile conditions of any considerable decree of intensity, frnn 
whatever cause thej may arise; it does not, however, increase proportioii- 
atel y to the seventy of the fever. In very high fever the namber per 
minute may reach 30 — 10, in children 50 — 60, without necessarilv imply- 
ing the existence of any lung complication. This is attribntable to ti- 
rious causes, — to the acceleration of the pulse and the greater vdocity 
with which the blood circulates through the lungs, to the augmentadoo 
of the quantity of carbonic acid contained in the blood, but most of all to 
the abnormal elevation of temperature. Through those influences the 
respiratory centre in the medulla oblongata is more often and more powe^ 
fully stimulated and the reflex movements of respiration are more fre- 
quently excited. 

That the rapidity of the breathing in fever depends more on the tem- 
perature of the blood than on the rate of the pulse is proved by the faidiM 
that many cases occur in which a high degree of heat and a relativdy 
slow pulse are associated with acceleration of the respiration, and that, on 
the other hand, there are cases in which respiration becomes gradnallj 
slower as the temperature is reduced by the use of cold baths, the pabe* 
rate remaining unchanged. Dypsnoea f roni this cause {heat dyspncea) is the 
result of direct irritation of the respiratorv centre, as has been shown br 
numerous experiments on animals, in which the blood, as it passed throagfa 
the carotids, was artificially warmed. 

3. The most marked increase in the frequency of the breathing takes 
place in those diseases in which the interchange of gases that should go 
on in the hmgs is disturbed, diseases whose seat may be either in the re- 
spiratory organs themselves or in other parts. In the former case the 
dyspnoea arises from the blocking up of some of the avenues by which the 
air reaches the breathing surface, either by diminuiion of the calibre of 
the air-passages or by conditions tchich render the pulmonary vesicles imr 
permeable. 

The cases in which the air-canals are narrofced may be divided into 
two classes, those in which the obstruction is situated in the larynx or 
trachea, and those in which it occurs in the larger bronchi or their finer 
subdivisions. To the former group belong oedema glottidis, croup, diph- 
theritis of the larynx, and thyroidal tumors which compress the trachea; 
the latter gniup includes especially catarrhal swelling of the bronchial 
mucous membrane, which, when it is extreme, affecting a laqere number of 
the finest air-tubes, produces all the effects of constriction higher up— in 
the larvnx or trachea. 

The alveoli may become impervious from infiltration with plastic or 
fluid exudation (in pneumothorax, cheesy degeneration, oedema of the 
lungs), or from compression (by fluid, air,' tumors in the pleura, etc.), or 
from loss of elasticity to such an extent that they do not suflSciently ex- 
pand in inspiration nor adequately contract in expiration (as in vesicular 
emphvsema). When, fn>m one or more of the above-named causes, the 
air-cells are closed the decarlK>nization of the blood is interfered with, the 
blood becomes deflcient in oxygen and contains an excess of carbonic 
acid, and the respiratory centres are more frequently and more strongly 
excited to action. The degree of the dyspnoea depends on the more or 
less complete occlusion of the alveoli and on the area involved in the 
changes which lead to this result ; with certain reservations it may be 
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said that, other conditions being the same, it increases with the magni- 
tude of the obstacle to respiration, that is, with the diminution of the 
available breathing surface. As a rule it is the more marked the more 
suddenly the respiratory surface is reduced ; thus, in collapse of one lung 
from pneumothorax, developed within a few hours, it reaches a high de- 
gree of intensity ; but should the collapse be brought about by the pres- 
sure of a slowly accumulating pleuritic effusion, the dyspnoea is less con- 
siderable. 

When, as in pleuro-pneumonia, pain and fever co-operate with the 
cause just described in accelerating the respiration, the rate shows a very 
rapid increase and may soon rise to 40 or more per minute ; on the other 
hand, certain varieties of chronic consolidation of the lungs, inasmuch as 
their course is painless and free of fever, are accompanied by much less 
disturbance of the respiration than pneumonia, even when they disable a 
larger portion of the lung. I have seen cases of complete atelectasis of 
an entire lung, produced by pleural effusion of long standing, in which 
the respirations were not more than 24 per minute nor appreciably in- 
creased in depth. 

In chronic affections in which respiration is obstructed its frequency 
varies greatly, particularly according^ as the body is well or ill nourished. 
Thus in phthisis pulmonalis, even when it is far advanced and the breath- 
ing surface extensively destroyed, respiration is often not at all hurried, 
because, on account of the emaciation, the quantity of blood in circular 
tion is decreased and a much smaller volume of oxygen suffices for its de- 
carbonization. In those destructive processes, however, which are not 
attended by wasting, such as bronchiectasis, breathing is usually greatly 
accelerated. Respiration becomes exceedingly rapid also when a new ob- 
stacle is suddenly added to one of older standing. Emphysematous pa- 
tients feel tolerably comfortable as long as their shortness of breath is 
due merely to inexpansibility of the air-cdls; but should a diffuse bronchial 
catarrh supervene or should the original disorder be seriously aggravated 
by cold weather, their dyspnoea immediately becomes very distressing. 

The frequency of respiration is further increased by certain diseases 
of the heart, especially by those valvular affections which give rise to 
overfilling of the pulmonary circulation and thus to interruption of the 
free interchange of gases in the pulmonary capillaries. Among such con- 
ditions are insufficiency of the mitral valve and stenosis of the mitral ori- 
fice ; in the first case a quantity of the blood in the left ventricle passes 
backwards into the auricle at each systole, in the second the free now of 
blood from the left auricle is prevented. Under these circumstances the 
left auricle, and subsequently the pulmonary capillaries and veins, be- 
come engorged, the necessary consequence of which is that the blood is 
insufficiently arterialized in the lungs, the respiratory centre is more 
powerfully stimulated, and the movements of respiration more frequently 
repeated. A second, but less important, element in the production of 
dyspnoea in mitral disease is the occurrence of bronchial catarrh from the 
passive congestion of the circulation through the lungs. Those heart af- 
lections in which the pulmonary circulation is intact, such as diseases of 
the aortic valves, usually produce at first no dyspnoea ; but in their later 
stages, when the left ventricle undergoes fatty degeneration and is no 
longer able to propel the whole of its contents into the aorta, and so fails 
to accommodate the whole of the blood which should enter it from the 
left auricle, the pulmonary vessels are overloaded and dyspnoea is estab- 
lished. 
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Slight djspnoea, however, is set up in aortic diaeaae, lirom the increued 
rapidity of the heart's contraction, and when the hypertrophied and di- 
lated left ventricle encroaches od the neighboring parts of the long, cant- 
ing them to shrink and so diminishing their respiratory aorfaoe. Tha 
dyspncBa attendant on large aneurisms of the aorta may be explained in tht 
same way, though in this case it often arises from pressure on the trachea 
Disease of the tricuspid valve or of the valves of the pulmonaiy artery 
very seldom occurs alone, but is usually combined with aortic or mitnl 
disease, so that dyspnoea in these cases is of a somewhat complex origin. 

Increased rapidity of the respiration may be due to diseaaea of the 
abdominal organs in which the abdominal cavity is distended, the dit- 
phragm being pressed upwards into the chest and its movements in this 
way limited. Dyspnoea is thus frequently observed in cases of ovarian 
tumor, ascites, and tympanites, especially when the patient assumes the 
dorsal position. The greater the number of those exciting causes which 
coexist in any given case the more marked is the dyspnoea ; it takes prob- 
ably its most agonizing form in the later stages of mitral disease, when 
ascites, hydrothorax, and pericardial effusion make their appearance to- 
gether. 

Not unfrequently we have dyspnoea proceeding from no obvions 
cause, or at least from no cause which corresponds to it in apparent im- 
portance. In most of these cases it is owing to a temporary diminution 
m the calibre of the bronchi, from spasmodic contraction of the bronchial 
muscles ; it is therefore named bronchial asthma. This variety of dys- 
pnoea occurs in paroxysms of relatively short duration, while in the inters 
vals, when the case is not complicated with other affections, especially 
bronchial catarrh, respiration may be almost normaL 

The theorv that these dyspnoea! attacks are referable to bronchial 
spasm is well supported by experimental evidence. Irritation of the 
vagus nerves in the neck is followed by contraction of the tinstriped 
bronchial muscleSy and therefore by diminution of the lumen of the bron- 
chi ; its effect also on the contractility of the lungs is indicated by the 
rising of a column of fluid in the tube of a water manometer attached to 
the trachea (Donders, Bert, Gerlacli, &c.). It is especially the finer and 
smallest air-tubes which take part in this spasm, though it is not impossi- 
ble that the larger bronchi may likewise be affected, as the trachea of 
animals has been shown to contract on electrical stimulation (Horwath). 
It has not yet been definitely ascertained whether the alveoli themselves 
also shrink on irritation of the vagus. The bronchial catarrh which 
almost always accompanies asthma has manifestly but an inconsiderable 
influence in causing the dyspnoea, as the latter occurs in paroxysms 
which, when they subside, are succeeded by an interval in which the 
breathing is easy and natural, this remission being altogether indepen- 
dent of any change in the catarrhal symptoms. In other cases, more rare 
than those just described, dyspnoea may be periodical and of great sever- 
ity, while not the slightest morbid alteration may be found in the respi- 
ratory or circulatory organs. It may be assumed that these phenomena 
are caused by some transient irritation of the vagi, though the particular 
circumstances in which this irritation is excited are still unknown. In 
the case of a young girl, whose internal organs were perfectly healthy, 
I have seen the respiration become as rapid as 40 per minute, and sink 
again in a few days to the normal rate. For many years I have had un- 
der observation another case, that of a woman, whose organs of respira- 
tion and circulation have remained perfectly intact, but who is subject to 
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extremely severe paroxysmal attacks of dyspnoea, accompanied by a feel- 
ing of intense anxiety, during which the frequency of the respiration in- 
creases to 70, 80, sometimes almost to 100 per minute; the violence of the 
seizure then gradually abates, and respiration again becomes slow and 
quiet. These attacks sometimes takes place daily, at other times they are 
absent for months together. Bischoff has recorded a somewhat similar 
case ; the breathing, during the paroxysms, was greatly increased in ra- 
pidity, sometimes to 160 per minute, but in the intervals was perfectly 
normal. 

From defective dyspnoea is to be distinguished a subjective variety. 
Many persons complain of occasional shortness of breath, especially those 
who have a sense of weight or pain in the epigastrium from diseases of 
the stomach, or from other causes, those who have a feeling of oppression 
in the cardiac region, hysterical individuals and others, in whom no trace 
of any physical condition which might explain this subjective dyspnoea 
can be detected. While it lasts no dyspnoea is objectively apparent, or 
the patients, while breathing superficially but at the normal rate, only 
now and then draw a full, deep inspiration, — a state of matters very fre- 
quently met with even in perfect health. 

Genuine dyspnoea is distinguished by another peculiarity, namely, the 
ffreater depth and therefore the longer duration^ of each respiratory act. 
As a rule, the depth is inversely proportionate to the frequency. Thus, 
in the severe acute diseases of the respiratory organs (such as pneumo- 
nia) the breathing is rapid, but not appreciably increased in depth — the 
respiratory muscles being evidently unequal to a task demanding so much 
exertion, as is common with all the muscles of the body, they participate 
in the general emaciation caused by the high fever. On the other hand, 
in those chronic lung diseases in which the physical strength is not re- 
duced — vesicular emphysema, for instance — respiration is dften very deep 
and full while the increase in its frequency is but slight. There are tico 
jforms in which this greater depth or longer duration of respiration may 
manifest itself — it may affect principally the inspiration or the expira- 
tion. Prolonged inspiration, inspiratory dyspnoea^ is observed when the 
air enters the lungs with difficulty, as in stenosis of the larynx and tra- 
chea ; its most typical and simple form is seen in paralysis of the poste- 
rior crico-arytenoid muscles, the margins of the glottis in that rather rare 
affection being approximated to each other in inspiration and relaxed in 
expiration — the reverse of the normal movements. Prolonged expiration, 
expiratory dyspnoea^ occurs when the escape of air from the lungs is in 
any way impeded, as in diffuse bronchial catarrh associated with vesicu- 
lar emphysema, though in these circumstances the inspiration also is 
lengthened. 

The greater depth of the respiration is the result of the increased ac- 
tion of the ordinary respiratory muscles assisted by that of the accessory 
muscles, the latter term including those which, though they take no part 
in the thoracic movements when the breathing is normal and quiet, con- 
tract powerfully when it is desired to expand the chest to the utmost. 

The accessory inspiratory muscles in the neck are the sccdeni and the 
sternamastoids. The anterior and middle scaleni raise the first rib, the 
posterior scalenus, the second; these, however, especially in the female 
sex, are not entirely inactive even in ordinary respiration. When the 
head is fixed the stern omastoids elevate those parts into which they are 
inserted — the clavicles and sternum. Certain of the thoracic muscles also 
may be considered accessory muscles of inspiration. 
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The pectarcUes (major and minor), when the dyspnoea is very intense, 
raise the ribs (second to sixth) when the head and shoulders are fixed; it 
is by availing themselves of the action of these muscles that emphysema- 
tous patients, when suffering from an attack of asthma, seek to obtain re- 
lief in grasping firmly some object above their heads. The serrcUi pasiiei 
superiores elevate the upper ribs; the subdaviua has a similar action on 
the first rib when the clavicle is stationary; the levatores castarum (breves 
and longi) draw the posterior portion of each rib towards the vertebral col- 
umn; the levator angidi scajmlcBy that part of the trapezius which rises 
from the occupit and is inserted into the clavicle and acromion, and pro- 
bably also the serrati antici majores^ act as inspiratory muscles, inasmuch 
as they move the lower and middle limbs upwards and outwards when the 
shoulder is fixed. Finally, it has been proved by experiments on animals 
that in asphyxia the elevators of the head and spinal column aid in inspi- 
ration; in men it is only when suffocation is threatening, in croup and 
spasm of the glottis, that these muscles are called into action.** 

While the above-mentioned muscles are to be regarded as dilators of 
the thoraxy others, such as the levatores oUb nasi and the levator palati 
moUis, co-operate with them by enlarging the openings by which the air 
enters; the stemo-Jiyoidy stemo-thyroidy thyro-hyoidy and omo-hyoid mus' 
cles also, by depressing the larynx, facilitate the admission of air into the 
lungs. The most important of the accessory muscles of this kind are the 
crico-arytenoidei postici / when respiration is at all embarrassed they at 
once contract powerfully, separate the arytenoid cartilages, and so dUate 
the rima gloUidis. 

In animals the various groups of accessory muscles of inspiration are 
brought into play in a certain order, according as the difficulty of breath- 
ing increases; thus Traube states that first the elevators of the upper ribs 
are thrown inCo violent contraction, then the scaleni, the elevators of the 
lower ribs, the sterno-hyoids, and sterno-thyroids, and lastly, the serrati 
postici superiores. In the human subject no such order is observed, the 
additional movement is sometimes accomplished by one set of muscles, at 
other times by another. In general, however, when the dyspnoea is con- 
siderable, the cervical muscles (especially the scaleni and stern omastoids) 
are the first to come to the aid of the ordinary inspiratory muscles; when 
the dyspnoea is still more severe these are joined by the levatores alae 
nasi, and in the worst cases by the muscles of the breast and shoulder- 
blade. 

JS,vpiratio?i, even when abnormally prolonged by the presence of dif- 
fuse bronchial catarrh or other obstacle to the emptying of the lungs, is 
usually effected by the elasticity of the lungs alone. When this elastici- 
ty, however is much diminished, as in the advanced stages of ephysema, 
it is supplemented by the action of various muscles; the thorax is there- 
by as far as possible reduced in volume, and so made capable of greater 
expansion at next inspiration. The principal expiratory mvscles are those 
of the abdomen; they compress the abdominal organs and thrust them up- 
wards towards the diaphragm, the transverse diameter of the abdomen be- 
ing shortened by the action of the transversaliSy the long diameter by that 
of the recti. Other muscles assist in expiration by drawing the thorax 
downwards; the ohliqui (external and internal) and the triangularis stemi 

* One may easily, by simply fixing the arms, demonstrate on his own person the 
fact that these muscles are really instnunental in adding somewhat to the forces which 
dilate the chest. 
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depress the anterior part of the lower ribs, the aerrcUi postici inferiorea 
(antagonists of the serrati postioi superiores) have a similar influence on 
the four lower ribs, and the quadratus lumborum on the lowest rib. 

The existence of some difficulty of breathing may frequently be recog- 
nized at the first glance by the marked contraction of several of the ac- 
cessory muscles of inspiration, such as the stemomastoid, scalenus, omo- 
hyoid, and upper part of the trapezius. Should these muscles become 
hypertrophied by frequent exercise of their function, as often happens in 
patients who have long suffered from emphysema, each contraction causes 
them to stand out prominently in their whole length, a phenomenon which 
is exceedingly striking when the neck is thin and emaciated, and when 
the supra-clavicular regions sink at each inspiration. The contractions 
of the accessory expiratory muscles also are sometimes visible. 

The effective operation of these accessory muscles depends essentially 
on the position of the patient. When decubitus is dorsal the muscles of 
the back, when lateral those of the undermost side, act but feebly; the 
patient therefore instinctively assumes such a posture as is best adapted 
for the vigorous contraction of the most powerful of the inspiratory mus- 
cles or which permits of the co-operation of the greatest number of them. 
Accordingly the position of the dyspnoetic patient,-^xcepting those cases 
in which he is not perfectly conscious, and does not therefore select the 
most comfortable attitude, — furnishes us with a useful indication of the 
greater or less gravity of the impediment to the respiration. Thus, the 
obstacle cannot be one of any very great magnitude if the patient habit- 
ually lies on his back; with every aggravation of the difficulty of breath- 
ing he assumes a higher position, and ultimately has to remain almost con- 
stantly in the sitting posture (orthopncea). In the most intense forms of 
dyspncBa, such as occur in the asthmatic attacks connected with old-stand- 
ing emphysema, in diseases of the heart associated with ascites, hydro- 
thorax, &c., the patient is sometimes unable to sit in bed, but is obliged 
to pass many sleepless nights in a half-standing position or in an arm- 
chair. 

The semi-erect posture is often adopted even when the interference 
with the process of respiration is not of a very serious character, especial- 
ly if the affection of the lungs or air-passages is attended by a profuse 
fluid secretion; in this position the accumulated matters are more easily 
expelled on account of the greater assistance which the muscles of expi- 
ration are then able to render. 

The exact seat of the obstacle to respiration has also considerable in- 
fluence in determining the habitual attitude of the patient. If it involves 
one side of the chest only, as in pleurisy with effusion, it is found that 
breathing is more easily performed when he lies on the affected sidey as the 
muscles of the sound side are thus left completely unencumbered, and 
the healthy lung is at liberty to dilate to its fullest extent and so to par- 
tially compensate for the disablement of the other lung. Should the pa- 
tient turn to the sound side the dyspnoea is at once greatly augmented, 
for not merely does the hindrance to muscular contraction on the affected 
side continue as before, but on the sound side also the action of the chest 
is hampered, and the weight of the fluid pressing on the healthy lung stiil 
further reduces its available respiratory surface. On the other hand, at 
the commencement of painful unilateral pleurisy the patient generally 
elects to lie on the unaffected side, as resting on the diseased side increases 
the pain. For the same reason when there is a painful condition of one 
side of the chest arising from other causes decubitus is usually on the 
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sound side. These observfttionB regarding decubitus spply oaly to thoae 
diseases which are characterized by the severer forms of dyspuoea; tti mild- 
er cases the patient reclines indifferently on either side, accurdingto habit 
When the function of respiration is in any way impeded, increase in 
frequency and in depth are tlie most eommon changes that tbe act of 
breathing undergoes. But in some rarer cases respiration is not at all 
accelerated, or is even somewhat atotoer than in lieatth; inspiration, bow- 
len always prolonged and much more fulL This type of respira- 
tion is observed in two conditious: — 

1. In stenosis of the larynx or trachea, acute or chronic 

2. In lung diseases which are followed by affections of the brain. 
The first condition is best illustrated by laryngeal croup — in children 

the most frequent cause of laryngeal stenosis; in it inspiration is pro- 
longed, slow, and deep, and accompanied by a peculiar crowing noise 
[aCndor) wbich is audible even at some distance. This retardation of the 
respiration is due to the constriction of the riina gloUidis which must al- 
ways occur on the deposit of croupous exudation above and below the 
glottis, but wbich may also take place independently of the presence of 
_)ous membrane, from inflammatory swelling and consequent par- 
tial paralysis (paresis) of the muscles which govern tbe vocal cords, espe- 
ially those which relax them. It is thus only by dint of very ^-iolent 
effort on the part of the dilators of the glottis that the passage of air is 
permitted, so that iitspiration becomes laborious and deep; superficial, 

lugh frequent, respiration would be of little avail under such aircum- 
stances. Further, in those cases in which the vocal cords are covered with 
exudation expiration also is obstructed and prolonged; and as both in- 
spiration and expiration thus occupy a longer period respiration as a whole 
% slower. Section of the recurrent laryngeal nerve in animals produces 
narrowing of tbe glottis and gives rise to the same phenomeua^diminu- 
tion in the frequency of respiration and deepening of each individual in- 
spiration. 

This explanation of the cause of retardation of the respiration is sp- 
plicable to most cases of stenosis of the laryn:i, even to those in wliicli 
expiration is not obstructed. Thus, if a patient suSeriiig from paralysis 
of both posterior crico-arytenoid muscles, in which there is only in^ira- 
tory contraction of tbe glottis, should breathe rapidly he would be devo- 
ting as much time to expiration (which is free) as he does to inspiration 
(which is difficult) ; he instinctively prefers, therefore, to protract inspira- 
tion at the expense of expiration. 

Experiments on animals furnish tbe true explanation of the slowness 
of respiration in the second variety of cases, those which are complicated 
by tbe occurrence of brain disease. It is well known that the respiratory 
centre is situated in the medulla oblongata, close to the point of origin of 
the vagus nerves. It is through these nerves that the respiratory impulse 
is excited and the rh>-thmical character of the movements sustained; when 
they are divided in the necli the frequency of respiration sinks considera- 
bly, sometimes to even one-third its normal rate per minute, while each 
individual inspiration becomes exceedingly deep and is accomplished only 
by great muscular exertion; and if the respiration of the animals so oper- 
ated on be still further embarrassed, as hy puncturing one side of tha 
, chest or by injecting fluid into the pleura till one lung is fully compressed, 
and the functionally active lung-surface in that way suddenly reduced by 
one-half, the breathing nevertheless remains slow and quiet as before. 
Similarly in men, respiration, notwithstanding the existeuoe of a ooiiwd- 
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erable obstacle to its proper performance, may be unduly retarded when 
the normal stimulating influence of the vagi is withdrawn, an accident 
which is i^t to happen when their medullary roots and the adjacent parts 
of the brain are compressed by fluid exudation, extravasation of blood, 
and other changes in the basis cranii. This same symptom, prolonged 
and deep inspiration, is observed also in limited regional brain diseases 
[HeerderkranKungen] affecting even parts distant from the vagus, — in 
the coma which follows apoplectic seizures, and in circumscribed softening. 

When the vagus is compressed by tumors in the neck, or wounded 
during operation or by gunshot, respiration becomes less rapid, though 
not to such a marked degree as when the nerve is divided in animals. I 
have elsewhere recorded a case of this nature, in which the respirations 
were 12 per minute and inspiration was abnormally deep, dependent on 
paralysis of the vagus from diphtheritis of the fauces. 

There is a special form of dyspnoea, known as Cheyne^Stokef^ JRespi- 
ratiofif which is met with in some diseases of the heart and brain, and in 
certain other affections in the course of which cerebral complications 
arise. It consists in a regularly- occurring pause, lasting j[ — 1 minute, 
during which respiration is completely suspended, and which is preceded 
by the following characteristic train of dyspnoea! phenomena ; inspiration, 
which is at first short and shallow, becomes gradually deeper, and finally 
markedly dyspnoeal ; when this dyspnoea has reached the acme of its 
severity respiration becomes again more and more superficial with each 
successive inspiration, and eventually comes to an absolute standstill. 
When the pause has continued ^ — ^ minute these symptoms are repeated 
in exactly the same way. In the most pronounced cases the dyspnceal 
period, during which the respirations number about 30, occupies j j of 
a minute, and the pause is of nearly the same duration. The whole cycle 
of phenomena therefore takes up 1 — 1^ minutes ; in less marked cases it 
lasts only about ^ minute, and may easily be overlooked, especially when 
the pause is very short. This variety of dyspnoea rarely occurs in the 
early stages of any disease, usually appearing only a few weeks, days, or 
even hours before death ; it is, therefore, with but few exceptions, a fatal 
indication. 

Stokes' respiration is observed in a great many different affections, 
relatively most often in those diseases of the brain which give rise to 
compression in the neighborhood of the medulla oblongata, — haemorrhage, 
exudation, oedema, tumors, uraemia, — in certain cardiac diseases, such as 
fatty degeneration, sclerosis of the coronary arteries, stenosis of the 
aortic or mitral orifices, &c. As all these conditions have one common 
feature, — diminution of the arterial blood-supply, and so of the supply of 
oxygen, to the brain or respiratory centre in the medulla oblongata, — 
Traube has assumed it as the starting-point of his explanation of Stokes' 
phenomenon. His theory is that the irritability of the respiratory cen- 
tre is so materially lowered by the inadequacy of the supply of oxygen 
that a much larger accumulation of carbonic acid in the blood than is 
usual is necessary for the excitation of the inspiratory impulse, that thus 
the time required for the taking up of the requisite quantity of carbonic 
acid from the tissues is longer, and that therefore the intervals between 
each inspiration are more protracted. In opposition to this hypothesis, 
Filehne, founding his views on some observations made on animals 
(which, when strongly narcotized, breathe in the above-described fashion) 
and on men, has shown that though the irritability of the central organ 
-of respiration is indeed diminished, this alone is not sufficient to produce 
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Stokes' respiration, but that it is further essential that it be less easily 
excited to action than the vasomotor centre. The symptoms are caused 
therefore in the following way: at the end of the respiratory pause there 
is a large disappearance of oxygen from the blood, carbonic acid has ac- 
cumulated, the vasomotor centre is thereby stimulated, and the arteries 
(the cerebral arteries among the rest) at once contract ; this produces a 
gradually-increasing ansemia of the respiratory centre, and inspiration 
becomes more and more deep ; this, however, supplies the wanted oxygen 
to the blood, the arterial spasm is relieved, the anaemia of the respiratory 
centre passes off, and with it the exaggerated impulse to respiration, and 
breathing once more becomes superficial. When the arterial spasm has 
entirely subsided, so that the respiratory centre is abundantly provided 
with decarbonized blood, the stage of apnoea, the pause, is reached, and 
lasts till, by the abstraction of oxygen from the blood, the irritation of 
the vasomotor nervous centre is renewed and the whole series of opera- 
tions again gone through. That the arteries are strongly contracted is 
proved by the increase of the arterial tension and of the blood-pressure, 
while the anaemic condition of the brain is demonstrated by the fact that 
in young children, at the end of each respiratory pause, immediately be- 
fore the re-commencement of respiration, and also while inspiration is 
gaining in depth, the great fontanelle is depressed. And further, this 
form of dyspncea may invariably be arrested at the very commencement 
of each seizure by the inhalation of nitrite of amyl, which dilates the 
vessels. We are thus able to produce experimentally in animals all the 
phenomena which go to form Stokes' type of respiration ; we can di- 
minish or even cut off the blood-supply of the brain, and so set up a 
gradually increasing dyspncea, and we can then re-establish the circula- 
tion and in that way reduce the dyspnoea or even arrest respiration. 



Spibometby. 
(The estimation of the vital capacity of the lungs.) 

By the term vital capacity is understood the greatest volume of air 
that can be inhaled by the fullest inspiration after the most forcible ex- 
piration ; it must not be confounded with the term total capacity^ which 
means the vital capacity with the addition of that quantity of air which 
still remains in the lungs even after the most complete expiration. The 
latter, the residual air, is displaced only when the lungs collapse on open- 
ing the thorax. 

The vital capacity of the lungs may be most conveniently measured 
by means of Hutchinson's Spirometer, 

This instrument consists of two cylinders, the outer of which is open 
above and filled with water, on which the inner one floats; the inner 
cylinder is open at the lower end, and properly balanced by weights placed 
on its upper closed end. A piece of elastic tubing, through which the 
patient is directed to breathe, is connected with the larger outer cylinder. 
In expiration the inner cylinder rises, in inspiration it sinks, and the dis- 
tance through which it moves is registered on a scale graduated to show 
the number of cubic centimeters of air inhaled or expelled. It is seldom 
that the apparatus is used for determining the volume of air taken into 
the lungs, inspiration from the cylinder through the tube being somewhat 
unpleasant. To measure the amount of expired air, the receiver is low- 
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erod so as to cause tbe index to point to a low figure op the scale, the 
Dostrils are closed, a deep inspiration is drawn, and tbe air driven from 
the lungs through the tube and into the cylinder; the latter is buoyed 
upwards by the air which enters it, and remains fixed on the completion 
of expiration. If, for example, the index has advanced on the scale from 
8,000 ccra. to fi,000 com., the vital capacity of the individual is said to be 
8,000 ocmtr. 

The vital capacity of the lungs of health? persons varies considerably, 
— ^ijrom 3,000 to 4,500 or 5,e00 ccm. in men.'and from 2,000 to 3,000 c 
in women. Besides sex, the elements whoso variation seems to influi 
H toost are height and age. It increases at the rate of tiO com. for every 
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centimeter of stature above 155; thus if the vital capacity which corre- 
sponds to a heipht of 163 cmtr. be 3,000 ccm., that associated with a 
height of 167 cmtr. should be 3,300 ccm. Its relation to age ia seen in 
an increase of about 160 ccm,, from the fifteenth to the thirty-fifth year, 
■nd a decrease of about 900 ecm. from the fortieth to the sixty-fifth year; 
it is further very low in the extremely aged and in young children. "Sed- 
entary occupation and deficif^nt nutrition lessen, the opposite conditions 
augment the vital capacity; it also undergoes diminution In the sitting 
store, and when the atomaoh is distended with food. The average ia 
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men of 20—40 yean of age and of medium height may be assumed to be 
3,600 ccm., in women 2,500 ccm. ; in shorter individuals it may be 3,000 
or less, while in tall persons it may amount to 4,000 or more. 

The vital capacity is diminished in all diseases of the respiratory 
organs in which the expansibility of the lungs is interfered with; in the 
later stages of such affections it may sink to half its normal amount, o£ 
even lower. This fall is dependent on, but is not exactly proportionate 
to, the extent of breathing surface encroached upon ; thus, if half of the 
respiratory area is disabled, as by compression of one lung by pleuritic 
effusion, it does not follow that the vital capacity will be similarly low- 
ered by one-half, as under such circumstances the healthy lung expandi 
more freely, and so compensates somewhat for the loss of function m the 
affected lung. * 

Like every method of examination which involves the use of lai^ or 
unwieldy instruments, spirometry has never come to be regularly em- 
ployed as an aid to diagnosis in the diseases of the thoracic organs, more 
especially as the data so furnished are, as a rule, less trustworthy than 
those easily obtainable by other means. In those cases also in which phy- 
sical examination alone is suHicicnt to make it perfectly clear that the ca- 
pacity of the lungs is diminished, — as in pleurisy with copious effusion, 
advanced emphysema, &c., — it is superfluous to demonstrate that fact 
further with the spirometer. Spirometry is thus most useful when the 
decrease in the vital capacity is so trifling as to escape detection by other 
tests — as when infiltration is beginning in the apices of the lungs; even 
then, however, it is scarcely to bo expected that so slight an organic 
change should very markedly hamper the breathing, as complete infiltra- 
tion of one apex lowers the vital capacity by little more than 100 ccm. 
Further, the results may vary to the extent of 100 ccm., according as the 
operation is performed with due care and attention to all essential details 
or otherwise; even persons practised in the use of the apparatus do not 
always succeed in raising the index to the same point. The vital caps- 
city also differs so widely in individuals of the same height, age, and sex, 
that unless the usual and normal capacity of the patient under examina- 
tion be known, one is warranted in making pathological deductions from 
it with confidence only when it falls decidedly below the physiological 
minimum. Finally, when the full dilatation of the lungs is from anj 
cause prevented (as by pain), when respiration is abnormally frequent, or 
when the patient is very weak, spirometry can scarcely be said to be 
available as a means of diagnosis. 

Nevertheless comparative spirometric observation, carried on for some 
time and often repeated — the above-named sources of error being excluded 
—comes to be of considerable value, as indicating the progress of the dis- 
ease (whether improving, stationary, or being further developed). 

The vital capacity is increased, in health as well as in disease, by resi" 
dence in elevated reffions and by the use of certain pneumatic appara- 
ttfseSy — by inspiration of coin pressed air, which produces great expansion 
of the lungs, and by expiration into rarefied air, which permits of the 
more complete emptying of the lungs: in the latter case a portion of the 
residual air also is expelled, the total quantity of air displaced is greater 
than usual, so that the lungs are made to dilate more fully in the follow- 
ing inspiration. 

The most widely known pneumatic insti'ument is the portable appa- 
ratus introduced some years ago by Waldenburg, which is so constructed 
that the patient can at will inhale or expire into condensed or attenuated 
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sir. For tberapeutioal purposes tbe vital oapacit j maj be augmented by 
expiration into a chamber the pressure within which is l-60th, l-40th, or 
l-30thy less than that of the atmosphere, or by inspiration of air whose 
density is l-60th — 1-dOth greater than that of the atmosphere. Inspi- 
ration of rarefied air does not add to the vital capacity, but it stimulates 
the inspiratory musdes, making them act more energetically, and in that 
way overcome the difficulty experienced in breathing in such circumstan- 
ces. Expiration into compressed air does not affect the vital capacity, 
and is therefore not resorted to in the treatment of disease. Though the 
volume of air set in motion in each act of respiration may thus be in- 
creased either by expiration into rarefied air or by inspiration of con- 
densed air, these two methods of accomplishing that object cannot be 
used indifferently. In pulmonary emphysema, for instance, in which the 
alveoli are abnormally distended and inelastic, taking almost no part in 
the movements necessary for the expulsion of air from the chest, the de- 
ficiency is chiefly in the expiration; here the vitcU capacity should be in- 
creased by estpiring into an atmosphere of less than the normal presstire, 
as by this means the contraction of the vesicles themselves is favored and 
a much larger volume of air (1,000 — 2,000 ccra. more) given out than in 
the most forcible expiration under ordinary conditions : inspiration of 
compressed air, however, would only have the effect of still further 
stretching the walls of the pulmonary vesicles and so of reducing the dys- 
pnoea (for which purpose, indeed, it is sometimes practised) but not the 
emphysema. When, on the other hand, the lung has become partially 
consolidated by compression (as in cases of pleuritic effusion), in stenosis 
of the air-passages, and in phthisis, the lowering of the vital capacity is 
owing to the inability of certain parts of the lungs to expand sufficiently, 
so that the defect is principally in inspiration; here it is evident that the 
most appropriate method of treatment is to promote the eoepansion of the 
lungs by the inhalation of condensed air. ' The benefit resulting from these 
proceedings is not of a merely temporary character, lasting only so long 
as the apparatus is in use; the changes are frequently permanent, espe- 
cially if the treatment be persisted in for some time and the disease be 
not of a kind involving the destruction of tissue. Thus there are numer- 
ous instances on record in which pulmonary emphysema has been much 
diminished, in less aggravated cases actually removed, by expiration into 
rarefied air continued for weeks and months; not only has the dyspnoea 
been abolished and the vital capacity greatly augmented (sometimes 
nearly doubled), but the lower margin of the lungs has also been observed 
to rise gradually to its normal level in the thorax. Equally favorable are 
the results of this pneumatic treatment in chronic bronchial catarrh, and 
in bronchial asthma (uncomplicated, or associated with emphysema or 
catarrh). In the early stages of phthisis also the capacity of the lungs 
may be permanently increased by the inspiration of compressed air. 



I^ieum<xtometry, 

To Waldenburg also belongs the credit of having been the first to ap- 
ply the estimation of the force exerted in respiration, — an operation 
wnich, till his time, was regarded as of merely physiological interest 
(Valentin, Donders, Hutchinson, &c.), — to the diagnosis of diseases of 
the lungs. The manometer in most common use consists of a glass tube 
open at both ends^ bent double, and supported on a wooden stand ; each 
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vertical limb is about 270 mm. high and is half-filled by a column of mer^ 
cury, the top of which marks the point assumed as zero. One limb is 
turned horizontally at its upper end and is inserted into a caoutchouc 
tube; this is connected with a mask which fits closely on the face, abso- 
solutely excluding the air from the mouth and nose. On drawing breath 
through the caoutchouc tube the column of mercury rises in that limb 
of the manometer nearest to the patient and sinks in the other, move- 
ments which are, of course, reversed in expiration. The extent of the 
fluctuation is read off on millimeter scales, of which there are two, one on 
each side of the instrument, placed on the glass tubes, and reaching 
above and below the zero points. Obviously the numbers so obtained 
must be doubled, as the quicksilver descends in the one limb exactly the 
same distance that it ascends in the other. 

It has been abundantly proved by the researches of the above-men- 
tioned observers that in healthy persons the power put forth in expircUian 
exceecls that of inspiration^ usually by 20—30 mm. on the scale just de- 
scribed. The following table gives more nearly the limits within which the 
pressure of forcible inspiration and expiration may vary in health: — 

Inspixation. Eacirirmtioii. 

Mm. Mm. 

In moderately strong men 70 — 100 80 — 180 

In very powerfully built men 120—160 150—220 

In women 50—80 60—110 

These points on the scale are reached only when the movements of respi- 
ration are executed rapidly and with the utmost exertion of the respira- 
tory muscles; the mercury is then maintained at its maximum height for 
scarcely a second, and falls again immediately. When inspiration and 
expiration are performed slowly the manometer indicates a much lower 
pressure, and the mercury remains longer at its highest point, oscillating 
slightly upwards and downwards. For practical purposes the former 
method recommends itself to the investigator, as we thereby ascertain the 
positive maximum of inspiratory and expiratory power the patient is 
capable of exerting. 

As these pneumatometric signs have such a wide range even within 
the bounds of perfect health, it is important to know at what point they 
overstep these limits and acquire a pathological significance. Generally 
speaking it may be inferred that an absolute diminution of pressure exists 
in those cases in which it is decidedly below the physiological minimum ; 
further, in largely built individuals the physiological mean should be 
taken as the standard, any downward deviation from which is to be re- 
garded as indicating disease; above all, however, the comparison of the 
inspiratory with the expiratory manometric pressure furnishes the best 
guide to a decision in this matter. 

The diseases of the respiratory organs may be divided into two prin- 
cipal pneumatometric types: in the first the conditions of health are re- 
versed, the positive expiratory pressure being less than the negative in- 
spiratory force, while the latter may be somewhat increased, normal, or 
subnormal ; in the second the negative inspiratory pressure is lower than 
the physiological minimum, while the positive expiratory force may be 
normal or subnormal, in the latter case being still slightly greater than 
the inspiratory force. To the first class, that in which the ea^iraiory 
pressure is diminished^ belong ptdmonary empht/sema (the lowering of 
pressure being here due to diminution in the elasticity of the lung-tis- 
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sae), branehUis and nervatu asthma. In the second class, in which it is 
particularly the inspiratory power that is lessened, are found phthisis 
pulmonum (the manometrio difference being observable here even when 
the disease is of but slight extent), stenosis of the larynx and trachea, 
and generally those diseases of the respiratory organs which offer in- 
creased resistance to the expansion of the lungs (pneumonia, pleurisy) ; 
in the more advanced stages of such cases the expiratory pressure may 
also be decreased. Among diseases of the heart mitral lesions most usu- 
ally produce diminution of expiratory power, the result of the consecu- 
tive hypenemia of the lungs (Waldenburg). Tumors of the abdominal 
organs (preanancy, effusion, etc.), inasmuch as they impede expiration 
rather than inspiration, tend chiefly to lessen the expiratory force (Eich- 
borst). 

It is worthy of notice that in comparing the pneumatometrio with the 
spirometric signs, in health and disease, we find no evidence of any fixed 
relation between respiratorv pressure and vital capacity; the former may 
be high while the latter is low, and vice versa. 



PALPATION OF THE THORAX. 



Thb phenomena discoverable by palpation, with the exception of those 
elicited in the examination of painful spots, do not belong exclusively to 
this method, most of them being recognizable also by means of ausculta- 
tion and percussion. Palpation is therefore most commonly resorted to 
merely as a means of confirming or modifying the results of other meth- 
ods of examination. 



1. Movements op the Thobax. 

The movements of the chest in inspiration may be as accurately ascer- 
tained by palpation as by inspection and mensuration. The palmar sur- 
ityqgfi of the hands should be placed on the sides or on the anterior and 
vCSnsterior surfaces of the chest according as we wish to observe its lateral 
,j3pl> antero-posterior movements ; in this way even a very slight lagging- 
.5'*fr behind of one or other side is easily detected, frequently more readily 
f^:— than by inspection. 

3Bb Examination op Painpxjl Regions. 



i:- 



The seat of a painful sensation is often very vaguely indicated by the 
patient and can usually be determined with accuracy only by the appli- 
cation of the finger. Pain arising from affections of the bofies formiug 
the framework of the thorax, such as periostitis of the ribs, is aggravated 
by pressure. Pleuritic pain, which may quite escape the notice of the 
patient if the irritation of the pleura be not very intense, is frequently 
elicited only by pressure in one or more intercostal spaces and is always 
thereby considerably augmented ; deep inspiration and forcible expi- 
ration, as in coughing, produce the same results. Pain in the intercostal 
nerves, intercostal neuralgia^ is similarly increased by pressure. The 
pain of pleurisy may be distinguished from that of intercostal neuralgia 
by the fact that in the latter it gcnor.illy extends along the whole course 
of the nerve in the intercostal space or becomes peculiarly acute on exer- 
cising pressure at certain spots (" painful points ). Pain in the muscles 
of the thorax, muscular rheumatism^ is invariably aggravated by com- 
pressing the muscles between the fingers in a direction transverse to that 
of their fibres ; occasionally it is felt only when this is done, and it is fur- 
ther never so perfectly localized as the pain of pleurisy or neuralgia. Pa- 
tients sometimes complain of undefined uneasy sensations in the chest 
which it is impossible to trace clearly to any of the above-named causes ; 
these are most probably propagated from some organ or nerve situated in 
the immediate neighborhood. 
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3. Pkctobal (ob Vocal) Fbbmitus. 

By this tenn is designated a vibration of the walls of the thorax felt 
whilst speaking^ singing, or screaming, by placing the hands on the chest. 
The vocal cords, thrown into vibration bv the expiratory current of air, 
transmit these vibrations to the whole column of air in the bronchi and, 
if there be no special obstacle in the way, to the walls of the bronchi and 
through them to the thoracic parietes. The intensity of the pectoral f re- 
mituB depends, apart from the mere strength of the voice, on the follow- 
ing conditions: 1st, On the pitch of the voice; the vibrations of the vocal 
cords in the production of a low-pitched tone being necessarily larger 
than those concerned in the production of a tone of high pitch, the sonor- 
ous wave is carried outwards with greater force; just as in musical 
(stringed) instruments the vibrations of the lower strings are much more 
perceptible than* those of the upper strings, being fewer in number in a 
given time, so in the human voice difference in tone gives rise to variety 
in the strength of the vocal fremitus, the latter being more marked in 
men than in women, most distinct in those having bass voices, and most 
feeble in high sopranos. 2dly, On the diameter of the brofichua into 
which the vocal vibrations are conducted^ and its position relatively to the 
thoracic waU/ it is most intense therefore on the right side, the right 
principal bronchus being wider, joined to the trachea at a less acute angle, 
and situated nearer to the vertebral column than the left, which is also 
separated from the spine by the oesophagus and the aorta, ddly. On the 
tnagnit^ide of the resistance offered to the passage of the sonorous vibra- 
tions through the walls of the chest ; the vocal thrill will therefore be 
most perceptible in patients in whom the subcutaneous fat is scanty and 
the muscular system but slightly developed. 4thly, On the distance of the 
spot under examination from the larynx; the fremitus is strongest over 
the larynx, is distinctly appreciable in the upper parts of the chest (in the 
clavicular regions in front, and between the shoulder-blades behind), and 
diminishes in force inferiorly. 

Under certain pathological conditions the pectoral fremitus is dimin- 
ished or even abolished, at other times it is increased^ these modifications 
being rarelv bilateral, usually confined to one side, and extending over a 
greater or less area of the chest- wall. 

It is diminished by the effusion of a large quantity of fluid into one 
side of the chest, and disappears entirely when the exudation fills the 
cavity of the pleura and causes complete collapse of the lung. In the 
latter case the total suppression of the fremitus is obviously due to the 
fact that the vocal vibrations are but feebly conducted through the com- 
pressed bronchi and are still further weakened and diffused in the mass of 
the fluid effusion. The pleuritic exudation here checks the sonorous 
waves, acting directly like the damper of stringed instruments, or the 
cloth covering which is placed on a tuning-fork to deaden its sound. 

Effusion, which is small in amount, not encysted, limited to the lower 
and posterior part of the pleural sac, has little effect on the vocal fremi- 
tus; a decided diminution in its intensity takes place only when the thick- 
ness of the exudation reaches or exceeds 2^ cmtr. In cases of double 
pleurisy with effusion, in which the quantity of fluid thrown out is usually 
small and occupies the lower and hinder part of the chest, the pectoral 
fremitus is slightly feebler on both sides. 

Diminution of the vocal thrill in the lower and posterior part of the 
4 
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thorax is of great value as enabling us to distinguish between pleurisy 
and pneumonia in the inferior lobe of the lung when the other symptoms 
alone are not sufficiently pronounced to warrant an exact diagnosis ; it 
clearly indicates the presence of the former affection, as in the latter the 
fremitus is never decreased but always increased. 

In the stage of absorption of pleuritic exudation the pectoral fremitus, 
which had previously been abolished, becomes again perceptible. This 
sign is of considerable importance, as it may sometimes be observed when 
the other symptoms of absorption are still absent; more especially the 
level of the fluid may remain unaltered though absorption has gone on to 
a considerable extent, the mass of exudation being simply reduced in 
thickness and the resistance to the propagation of the vocal vibrations in 
that way lessened. 

Similarly in pneumothorax the vocal fremitus disappears because the 
sonorous vibrations penetrate the lung with difficulty and are arrested in 
the gaseous medium interposed between the lung and tb^ chest-wall. A 
slight diminution of the thrill is frequently noticed when the bronchi are 
loaded with secretion from the mucous membrane, as in chronic bronchial 
catarrh, the cause here also being that the abundant secretion presents an 
obstacle to the entrance of the waves of sound into the air-passages; after 
free expectoration the fremitus returns. 

When the parenchyma of the lung is consolidated by infiltration and 
so rendered void of air the pectoral fremitus is increased, the condensed 
lung-tissue being an excellent conductor of sound. In normal conditions 
the voice is heard only very faintly over the side of the chest, as the healthy 
lung, consisting, as it does, of non-homogeneous tissues, — air-spaces and 
fibrous septa,— offers continual interruption to the outward passage of the 
waves of sound; when, however, the lung is infiltrated and impermeable 
to air it becomes a firm, homogeneous body, and acquires a higher con- 
ducting power. Further, the vibrations emanating from the vocal cords, 
when transmitted to the bronchi of a condensed portion of lung, are con- 
centrated, being prevented from entering the infiltrated alveoli; they must 
thus reach the surface of the thorax in an exaggerated form. But it does 
not invariably happen that the pectoral fremitus is increased when the 
pulmonary tissue is consolidated; that this may be the case it is necessary 
that the bronchus leading to the part of the lung involved be in free com- 
munication with the trachea; should this communication be interrupted, 
as by superabundant bronchial secretion, the fremitus completely disap- 
pears, but returns when the mucus is expelled by coughing. Amongst 
those diseases which cause condensation of the lung-tissue, that in which 
the vocal fremitus is most frequently and most markedly augmented is 
the stage of hepatization in pneumonia; here the impermeability and so- 
lidification of the parenchyma are most pronounced, both as reeards in- 
tensity and extent. Condensation from other causes is generally less com- 
plete; and in certain cases (of caseous pneumonia for example) it is not 
unusual to find that the voice, from concomitant disease of the larynx, is 
very feeble even over the vocal cords, so that its vibrations are no longer 
conveyed with distinctness to the surface of the chest. 

A second cause of increase of the pectoral fremitus is the existence 
of cavities m the lung, situated superficially. Since these cavities always 
contain air, communicate freely with a bronchus of large calibre, and are 
surrounded by dense walls, the sonorous vibrations have easy access to 
them and are increased in intensity by reflexion from their parietes. The 
propagation of these vibrations is also greatly facilitated by the fact that 
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those morbid processes which determine excavation of the lungs, especial- 
ly phthisis pulmonalis, are always accompanied by well-marked emaciation 
of the thoracic parietes. 

Vocal vibrations transmitted to the surface are perceptible not only 
by palpation but also by auscultation; indeed it is by the latter means 
only that the finer degrees of difference are appreciable. (See ^' Bron- 
chophony.") 

Plbubal Fremitus* 
(friction-soand perceptible to the tonoh). 

During respiration the visceral and parietal layers of the pleurse, which 
are constantly in contact in their whole extent, rub on each other, this 
action bein^ the more forcible the deeper and stronger the inspiration. 
In health these movements give rise to no sound, as the pleural surfaces 
are everywhere perfectly smooth; when the latter, however, become 
roughened, as by the fibrinous inflammatory deposit so often met with in 
pleurisy, the respiratory movements are attended by friction recognizable 
both by the hand and by the ear. (The characters of the friction sound 
will be discussed in the chapter on Auscultation.) 

This sign is seldom observed at the outset of an attack of pleurisy, 
but appears usually in the later stages, when the absorption of the fluid 
exudation has proceeded so. far as to allow the surfaces of the pleune, now 
covered with a deposit of lymph, to come into direct contact; it may some- 
times be felt during the whole of inspiration and expiration, but is com- 
monly most intense at the end of inspiration. In many cases friction 
fremitus is of a dull grating character, and consists of a quick succession 
of detached sensations — peculiarities which may be best compared with 
the creaking noise produced by the bending of new leather. This jerky, 
non-continuous character is due to the fact that even in circumscribed 
areas the roughened pleurse do not touch each other at all points at the 
same time; but when inspiration is rapidly performed the individual vi- 
brations that go to form the pleural fremitus follow each other very closely. 
— ^In another series of cases the gliding of the pleural surfaces over each 
other communicates to the finger the impression of scraping or scratch- 
ing^ or of merely the lightest grazirig, — The intensity of the palpable 
fremitus depends on the amount of the inflammatory deposit and on the 
energy with which respiration is carried on. Very marked roughness 
produces usually a grating sensation, slight unevenness merely a sensation 
of scratching or rubbing; the former condition is much more easily de- 
tected by palpation than the latter. Pleural fremitus is increased by deep 
inspiration, and frequently also by pressing the finger deeply into the in- 
tercostal spaces so as to cause the costal and visceral pleune to bear more 
strongly against each other. Very often the patient is himself sensible 
of this feeling of friction, and is able to indicate to the examiner the ex- 
act seat of the affection. Friction thrill becomes weaker when the pleume 
become less rough, from fatty degeneration of the fibrinous exudation; 
it may also be greatly diminished, or even caused to disappear for a time, 
bv repeated deep inspiration, — a circumstance often noticed in ausculta- 
tion, and obviously owing to the surface of the pleune becoming smoother 
by being rubbed forcibly against each other; after a short period of quiet 

* This term oommends itself ohieflj on aoooont of its Bhortneaa. 
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respiration the fremitus may again be felt. The area over which it is ap- 
preciable is variable in extent, being sometimes limited, at other times 
comparatively large; occasionally it extends over the greater part of one 
side of the chest, in front, behind, and laterally, and in the rare cases in 
vrhich both pleurse are involved (double pleurisy) it occurs on both sides. 
It may be stated as a rule that there is no part of the thorax in wliich this 
pleural fremitus may not present itself; it is observed most seldom in the 
apices, partly because pleuritic effusion so abundant as to reach the apex 
of the lung is somewhat rare, and also because the movements of the 
pleurae on each other in respiration are here much less free than at other 
parts of the chest. Pleural fremitus limited to the apex, however, though 
It is very infrequent, may arise from absorption of effusion encysted in 
that situation by pleuritic adhesions; in other cases, in which the friction 
phenomena are perhaps better detected by the ear than by the hand, the 
pleura becomes inflamed and covered by fibrinous deposit when the cheesy 
pneumonic process going on in the apex approaches sufficiently near to 
the surface of the lung. Pleural fremitus varies considerably in its dura- 
tion; it sometimes remains only a few days at one part and then shifts to 
another according as the level of the fluid in the thorax alters, at other 
times it is fixed for a longer period at one spot; fremitus may thus per- 
sist for weeks or months according as the process of absorption is more or 
less prolonged. The differential diagnosis between pleural fremitus and 
other similar sensations connected with the respiratory apparatus is given 
below. 



5. Bronchial Fbemitus. 

(vibrations caused by the movement of fluid secretion in the bronchi). 

If the bronchial mucous membrane be extensively swollen, and the 
calibre of the bronchi in that way reduced, or if the air-passages be load- 
ed with a very abundant fluid secretion, the entrance and exit of the cur- 
rent of air are obstructed; the bronchi are thus thrown into vibration and 
the fluid contained in them set in motion by the air as it passes through. 
The bronchial vibrations and the movements of the secretion are trans- 
mitted through the lung to the parietes of the chest, and these take the 
form of the fremitus under discussion, .a very exact conception of the pe- 
culiar character of which may be obtained by applying the finger to a bass 
string which is vibrating powerfully.* As bronchial fremitus, when pres- 
ent, usually manifests itself over a large area, sometimes over the whole 
of the thorax — though possibly not with equal intensity at all points, — it 
is necessary, in order readily to ascertain its extent, to lay the palmar sur- 
faces of both hands first on the back and front and then on the sides, di- 
recting the patient at the same time to make several deep inspirations. 
It may be of much the same intensity both with inspiration and with ex- 
piration, though occasionally it is more distinct with the latter, — a circum- 
stance which is explained by the unusual slowness of expiration when the 
calibre of the bronchi is reduced by widespread catarrhal swelling of the 
mucous membrane. 



*-I wonld recommend the term broru^iiai fremitus to designate the impression above 
deecribed, especially as it presents an analogy with the expressions pecUn'cU firemiihii 
and pleural fremitui. 
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Bronchial fremitus is distinguished from pleural fremitus by the fol- 
lowing points: it has none of the irregular, jerky character which marks 
the latter, in expiration it is as strong as, or even stronger than, in in- 
spiration, and it may be temporarily diminished or even made to disap- 
pear by violent coughing, and especially by expectoration of mucus; m 
some other cases, in which the cough is unaccompanied by expectoration, 
the fremitus becomes weaker at certain parts of the chest, but intensified at 
certain other parts, — a phenomenon which has its origin in the fact that 
forcible coughing displaces the fluid bronchial secretion and causes it to 
occupy less space than before. Pleural fremitus, on the other hand, is 
not at all modified by cough. (Various other diagnostic characters are 
revealed by auscultation, which see.) 

Bronchial fremitus indicates the presence of diffuse bronchial catarrh. 
This agitation of the bronchial secretion is not only perceptible to the 
hand, but is also audible, even at some distance from the patient, as a large 
bronchial rale. (Se^ chapter on Rales.) 

It is usually one of the most prominent symptoms in the bronchial 
catarrh of young children, as the mucus secreted in that disease, from the 
inability of patients of tender years to expel it by the act of coughing, ac- 
cumulates largely in the bronchi. — ^The part at which the fluid secretion 
has chiefly collected may be determined with a certain degree of proba- 
bility by simple palpation, the fremitus being at such points rougher and 
of a more rattling character; an exact diagnosis, however, is attainable 
only by means of auscultation. (See chapter on Rales.) 



6. VlBBATIOKS DEPENDENT ON THE MOVEMENTS OF FlUID SeCBE- 

TiON WITHIN Pulmonary Cavities.* 

The agitation which is caused by the movements of respiration in the 
fluids contained in cavities in the lungs is communicated to the walls of 
the thorax, but only when these cavities are situated in the upper lobe, 
and near the surface of the lung, and when the chest itself is much ema- 
ciated. These vibrations differ markedly from those which have just been 
under consideration; they are feebler and finer, give the impression of the 
bursting of small bubbles, and are usually noticeable only at the end of 
inspiration, in the upper part of the chest in front and over a limited 
area. They are entirely wanting when the excavation has taken place in 
the lower lobe, as the thickness of the muscular covering in that region 
offers great resistance to their transmission. Cough, especially when fol- 
lowed by expectoration, weakens them very much, or abolishes them for 
a time. (See chapter on Rales.) 



7. Fluctuation in the Thorax. 

In cases of pleurisy in which the effusion is very considerable in quan- 
tity, almost completely filling one side of the chest, a feeling of fluctua- 
tion may sometimes be elicited by placing the palmar surface of one hand 

[* Gavemons Fremitos. — Trans.] 
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on the side or back of the thorax and tapping on the front with the fin- 
ger of the other hand. 

One might a priori expect to find fluctuation in such a case; occa- 
sionally, however, the rigidity cf the thorax is such that the force impart- 
ed by the finger does not reach the fluid, or the chest-wall does not yield 
to the wave even when the fluid is set in motion. The presence of a thick 
covering of exudation on the pleurse may also prevent the production of \ 
fluctuation, — a further consideration which also explains the comparative 
rarity of the phenomenon. 



PERCUSSION OP THE THORAX 

Historical Nots. 

The discovery of thoracic percussion we owe to Auenbrugger, who 
was bom at Gratz in 17:22, and died at Vienna in 1809. When engaged 
in the study of empyema and the indications for the practice of thoracen- 
tesis he learned in 1753 to distinguish the healthy from the diseased side 
by the different sounds which they yielded to percussion. After having 
worked at this subject about seven years he published, in 1761, his ^'In- 
ventum novum ex percussione thoracis humani ut signo abstrusos interni 
pectoris raorbos detegendL" Auenbrugger himself recognized the value 
of his new method of exploration in the diagnosis of diseases of the chest 
— though he had no conception of the wide application it was to receive 
in our day — and insisted on its importance in his ^' Monitorium " ad- 
dressed to his fellow-physicians. It was, nevertheless, much neglected 
by them: to some it remained quite unknown, by many it was confounded 
with the Hippocratic succuasion observed in pyopneumothorax, and ac- 
cordingly ridiculed as the " Inventum novum antiquum," while by others 
(van Swieten and de Haen), it was set aside as unworthy of serious con- 
sideration. It was only by a very few, the principal of whom was Stroll, 
that it was employed in practice; and when the latter died in 1787 
the great discovery passed into utter oblivion. Not until 1808, shortly 
before Auenbrugger's death, did the " Inventum novum " become gener- 
ally known to German physicians, through Corvisart's French translation. 
Corvisart extended the application of percussion to the diagnosis of car- 
diac diseases and aneurism of the aorta. But it is to Piorry and Skoda 
that the most important advances in the study and practice of percussion 
are due. The former invented the Plexiraeter (in 182G), and was also the 
£rst to avail himself of percussion in the examination of the abdominal 
organs; the latter clearly traced the special qualities of the percussion- 
Bounds to their general physical causes, he originated the doctrine on 
which all our notions regarding percussion in normal and pathological 
conditions are based, and added to our knowledge of the sounds that may 
be produced by striking of the thorax by his exhaustive researches on the 
subject of tympanicity (1839). 

For many details concerning tho interpretation of the various qualities 
of the percussion sounds we are indebted toWintrich (tympanicity), Traube 
(the pitch of the sound), Biermer, Geigel, Wintrich, Gerhardt (variations 
in the pitch of tympanitic and amphoric sounds), and many others. 

Wintrich invented the percussion hammer in 1841. 

Methods of Pbbcussion. 

There are two methods, immediate and mediate, 

1. Immediate percussion, the method employed by Auenbrugger and 
also for some time by those who came after him, is performed by striking 
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^^Hf the thorax directly with the points o£ the fingers. In this way the more 
^^^V obvious d£ the diSeretices in the intensity of the percnssion Bound are 
^^^K easily enough recogniaed. We thus obtain in the upper part of the chest 
^^^H a sound which we at once perceive to be distinctly clearer than that of 
^^^M the hepatio region : and wo may also, by this means, detine the various or- 
^^^P gans from each other with considerable exactness, and succeed in deter- 
f^^^ mining the presence and extent of many pathological conditions, Buch u 
' pleurii'r; exudation, pneumonic hepatisalion, etc. The sound elicited by 

immediate percussion is loudest over the osseous portions of the thorax, 

I more especially over the broad smooth surface presented by the Eternum. 

^^1 Much less clear is the tone yielded by the direct percussion of the softer 
^^^k parts — the intercostal spaces, tlie supra-clavicular and supra-spinons re- 
^^^B gions, and the abdomen. This method has now, however, been generally 
^^H abandoned, as it does not enable us to distinguish with sufficient preci- 
^^H eion between the finer ahades of difference in the pitch or quality of per- 
^^^ oussion sounds. 

^^V '2. Jlediate porcussion. It may be practised in three different ware — 

^^^ with the finger of one hand interposed between the body and the percuss- 
' ing finger, with the finger and pleximeter, or with the fiammer and plexi- 

meter. 

a. The method which consists in employing the second or index finger 
of the left band to the skin and striking it with the middle finger of the 
right is best suited for the examination of the irregular or uneven parts 
of the thorax, to which the pleximeter cannot be made to adapt itself ac- 

j curatoly; it is thus applicable in cases of depressed sternum, of undue 

^^^^ prominence of the ribs (particularly in emaciated persons), when the in- 
^^^H tercostal spaces are narrow, and we wish to detine sharply the boundary 
^^^H line between solid organs and those permeable to air. 
^^H b. As the interposed finger is apt to become the seat of considerable 

' pain and swelling if frequently percussed upon, a pleximeter is usually 

substituted for it. 
I This instrument is commonly made of ivory, though sometimes vul- 

^^H canite or other hard substance is used in its construction. The most use- 
^^K ful form of pleximeter is nn oblong, slightly oval plate of simple ivory, 
^^H about 2i cmtr. in breadth, and fitted at each end with small vertical ears 
^^F roughened on their outer aspect. The 

""^ *e delimitation of organs is much 

mplished by narrow than by 
broad pleximeters. Instruments made 
with movable metallic handles should 
not be used, as the handles become 
loose and make a clattering metallic 
sound when the plate is struck. In 
^^^ using the pleximeter it is above all necessary to see that it is closely ap- 
^^^L plied to the surface of the body, especially when examining uneven 
^^^B parts, as otherwise a. small quantity of air may lodge between the inslru- 
^^^P ment and the skin, the disturbance of which by percussion may give 
^^^ rise to accessory vibrations. 

In percussing parts whose surface is very unequal, the double plexi- 
meter proposed by Seitz, made of caoutchouc and shaped somewhat like 
the bent tongue spatula, will be found very convenient. In such casea 
also we may percuss on the end of the finger, which forms a pleximeter 
having the advantages of being easily adaptable to all parts, and of being 
•mall enough to serve for minute examination. The same object ii ao> 
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complisbed by placing the plcxinieter not on its fl&t side but erect, end- 
waya, and percnseiiig on one of tbe fixed ear-like handles sliould these be 
large enough to answer the purpose; iu such circumstaucea, however, 
percussing with the fin- 
gers alone is easier and 
gives the most trust wor- 
tliy results. 

k percussing, both 
on tbe finger and on the 
pi ex i meter, the finger 
with which the stroke ia 
delivered should always 
be half-bent, white the 
movement of the hand 

should be entirely from the wrist. The proper execution of this ma- 
noauvre demands a degree of skill which is acquired by many only by long 
practice; those, however, who are accustomed to play on musical instru- 
ments, especially the piano, already possess the necessary command over 
the wrist. 

c. Percussion performed on a pleximeter with Wintrich's hammer. 
This method is the easiest to Icam; it is, as the finger is not used, the 
least disagreeable to practise, and by it louder and more definite sounds 
may be educed than when the finger is used as the striking agent. ^«ry 
marked diSerences in resonance, such as that between the lung and liver 
•ounds, are most clearly demonstrated in this way. Nevertheless, with 
this powerful percussion sound is associated the great disadvantage that 
in it the liner degrees of diflerence in tone are completely lost. It may 
be laid down as a rule that the stronger the percussion the larger the 
area over wliich the vibrations are distributed. It is on account of pos- 
sessing more of this penetrative power that bammer-percussioo is apt to 
lead to erroneous conclusions, that a clear sound may be produced even 
though the medium immediately behind the part struck be void of air, 
the neighboring air-containing strui^turcs being thrown into vibration; 
this source of error has to be specially guarded against in examining the 
cardiac and splenic regions. Another objection to the practice of ham- 
mer-percussion is that it involves tbe loss, to a great extent, of the sense 
of resistance which is experienced in finger- percuss ion. Both disadvan- 
tages may be partially overcome by percussing with a light stroke, and 
by grasping the hammer, not at the end, but at tbe 
niddle of the handle, and at the same time keep- 
ng the index finger closely applied to the hammer- 
head; the finger is thus brought nearer to the 
structure, and the sense of resistance 
communicated by the latter more readily detected. 
When the utmost precision is demanded in map- 
ping out the size of organs and in tracing the boundaries which separate 
parts containing air from those which do not, when, for instance, we 
propose to define with rigorous exactness lung from liver, heart, spleen, 
etc, it is better to use the finger rather than the hammer, as by this tactile 
system of percussion the slight resistance of parts permeable to airand the 
greater resistance of those which are impermeable, are most distinctly 
appreciable. 

Whatever be the method of percussion adopted, if the examiner have 
Uquired sufficient skill in its performance an absolutely accurate result 
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may always be obtained. — Although hammer-peroussion, being the most 
easily mastered, is most generally employed, it will be found advanta- 
geous to percuss always with the finger and pleximeter so long as we can 
thereby elicit a distinctly defined sound. He who is skilled in digital per- 
cussion will be able to percuss egtuilli/ well with the hammer — an axiom 
the inverse of which does 7iot hold good. It is also obvious that besides 
being proficient in the technical part of the proceeding it is necessary to . 
possess a sensitive ear, educated to distinguish between the finer giCda- 
tions of sound. 

Rules regarding the employment of forcible or gentle percussion cau 
be set forth only in a fi^eneral way. — The stroke should be somewhat 
forcible in examining tnose parts of the chest which are covered by a 
thick layer of fat or muscle — ^the mammary and supra-spinous regions — in 
order that the vibrations may be carried through them to the lung be- 
neath; gentle percussion in these parts would not give the true pulmo- 
nary resonance, but only the dull sound of the superficial soft parts. Sim- 
ilarly,' a strong percussion-stroke is necessary to determine the condition 
(as regards the presence of air) of deeply-seated structures^ lying below 
other internal organs or tissues which may or may not contain air. (See 
p. 61). 

On the other hand percussion must be gentle where solid and air- 
containing organs (lung and liver, lung and heart) border on each other 
superficially, and in all cases in which it is desired to ascertain the den- 
sity of parts situated immediately below the surface. The line of demar- 
cation between lung and liver may thus be most sharply defined by per- 
cussing downwards with so little force that on reaching the liver only 
the sound caused by striking the pleximeter is heard : just at this point, 
however, at the end of a full inspiration the lower border of the lung en- 
croaches slightly on the liver, and we then again obtain the clear pulmo- 
nary sound. In this way we find that the ear appreciates more promptly 
the difference between absolute dulness and slight resonance than that 
between the greater or less clearness of the tone produced by more forci- 
ble percussion. — ^The percussion-stroke must also be less energetic in 
children than in adults, because in them the thorax is more yielding, and 
the internal organs are smaller, so that the vibrations generated by per- 
cussion at any part are more widely conducted through the tissues, and 
in that way the more delicate alterations in the nature and quality of the 
sound are hidden ; thus it often happens that in percussing the chest in 
children a powerful stroke is answered by a sound of a tympanitic charac- 
ter proceeding from the simultaneous vibration of air in the intestines. — 
It is advisable also to percuss less vigorously in the vicinity of inflamed 
and painful parts, over pulsating aneurisms (to avoid the danger bursting 
them) and cavities in the lungs ; rough treatment of patients in whose 
lungs destructive processes are going on gives rise not only to pain, but 
frequently also to attacks of coughing. Those who have shortly before 
suffered from haemoptysis, or are still bringing up blood in the expecto- 
ration, should not be subjected to examination by percussion ; cases — 
usually phthisical — are not wanting in which haemoptysis has followed 
repeated percussion of the chest performed for the purpose of practical 
clinical teaching. 

One of the most important rules is always to p>ercuss the thorax sym* 
metrically on the two sides. Although the more marked deviations 
from the normal resonance are usually at once appreciated by the ear, 
it is only by careful comparison with the sounds given by the correspopd* 
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in^ part on the healthy side that the slightest variations can be satisfac- 
turily made out. Thu^, in examining the lungs in front they should be 
percussed symmetrically from the supraclavicular regions downwards to 
the fourth nb, at which point the heart is encountered on the left side ; 
laterally and posteriorly the same comparative method of examination 
may be continued downwards quite to the lower borders of the lungs. 
The muscles on both sides should as nearly as possible be in the same 
state of tension ; if they be more tense or prominent on one side than on 
the other, the resonance will be somewhat diminished on that side. In 
percussing the back of the chest the arms should be crossed in front in 
order to increase the space between the shoulder-blades and to ensure 
that the muscles of the back shall be in an exactly similar state of con- 
traction on both sides. In like manner in percussing the supraclavicular 
fossse the patient must hold his head erect, with the face looking directly 
forwards ; should he incline it to one side, as he is apt to do for the con- 
yeniepce of the examiner, the sound becomes less clear from the increased 
tension of the soft parts of the neck. So far as the percussion of the 
lun^s is concerned it is immaterial whether the patient assumes the 
'sitting, standing, or recumbent posture. 



The Thoracic Pebcussion-Sound. 

This sound is of a complex nature. It is produced essentially by the 
vibration of air contained in the pulmonary air-vesicles^ in part also by 
the vibration of the thoracic parietes, and is to a certain extent influenced 
by the degree of tension of the parenchyma of the lungs. That the 
normal clear percussion-note depehds principally on the vibration of air 
in the lung is proved by the facts that it becomes decidedly duller as the 
capacity of the lung diminishes, and that when a lung which has become 
quite impermeable to air {e. ^., consolidated by pneumonic hepatization) 
18 extracted from the thoracic cavity and percussed, it gives a perfectly 
dull, almost inaudible, sound. That the vibration of the chest-wall also 
is concerned in the production of the sound under discussion is indicated 
by the circumstance that the lung, when removed from the chest and 
inflated, is less resonant than when still within the thorax. And lastly, 
that the percussion-sound is to a certain extent modifled by the varying 
state of the lung as regards the tension of its tissue, is shown by some 
pathological observations, to be mentioned further on. 

Many authors deny that the chest-wall participates in any degree in 
the causation of the percussion-note, by others the part it plays is much 
over-estimated, while by some it is considered the only part concerned in 
the production of the sound. Williams explains the normal thoracic 
resonance exclusively in this way; he believes that the vibrations of the 
thoracic parietes, which are readily propagated through a lung filled with 
air, are disturbed in their transmission or completely arrested by an im- 
permeable lung, or by the presence of fluid or solid exudation in the 
pleural sac, — ^just as the tone emitted by a violin-string becomes feeble 
when the mute is placed on the bridge of the instrument. Such a theory 
is fitted to explain only the diminution in the intensity of the sound in 
condensation of the lung, though it is not to be forgotten also that a 
hepatized lung, when taken from the chest, is just as non-resonant as 
before its removal ; it does not, however, satisfactorily account for the 
production of tones having a tympanitic and metallic timbre. Williams' 
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theory requires no detailed refutation. It is evident, on the other hand, 
from the following considerations, that the cheikt-wall does contriimte 
in some degree to the formation of the percussion-sound : Mazonn has 
shown that when the free vibration of any part is prevented by the pres- 
sure of the hand or of weights laid on the surface the note obtained in 
the region concerned loses in resonance, even after extraction of the 
thoracic organs ; increase in the tension of the ribs or skin raises the 
pitch of the sound, decrease in the tension of the ribs (as after removal 
of the sternum) lowers it ; the elevation in pitch which accompanies deep 
inspiration depends chiefly on the greater tension of the ribs caused by 
the expansion of the chest and on the contracted state of the muscles ; 
this raising of the pitch also occurs at various parts behind which no 
portion of the lung is situated, — a fact which negatives the idea that the 
inspiratory expansion of the lungs has anything to do with it ; it is 
moreover well known that increase in the volume of the lungs in inspi* 
ration has the opposite efEect, — ^it lowers rather than raises the pitdi 
(Rosenbach ; see p. 67). 



The Psopestibs of the Percussion-Sound. 

The classification of the properties of the percussion-sound is based 
on that of the qualities of a musical tone, though strictlv speaking these 
two species of sounds cannot be regarded as absolutely identical with 
each other in all respects. A musical tone is described as possessing 
Pitch, Timbre, and Intensity. 

The pitch of a musical tone varies with the number of vibrations (as 
of a string or a column of air) which take place in a given unit of time. — 
Its timbre depends on the construction of the musical instrument, all 
those made of like materials (stringed instruments, for example) giving 
tones of an exactly similar character; timbre is also slightly different 
according to the particular variety of instrument used, so that a cultivated 
musical ear is able at once to tell whether a given note has been sounded 
on a violin or violoncello. — The intensity of a musical tone depends on 
the amount of force expended in producing the sonorous vibrations, and 
consequently on the amplitude of the latter. 

The three qualities which distinguish musical tones are not found in 
the 7iormal thoracic percussion-sound, — it possesses pitch and intensity, 
but not timbre; it is not, in fact, a musical tone in the sense in which 
that expression is used in physics, but is better described simply as a 
80U7id, As this normal sound, however, does acquire timbre, the tone 
(^'klang'') which renders it of musical quality, in certain pathological 
conditions, a third property must be ascribed to it, — that of (Mbsence of 
timbre (want of distinct musical character, non-tympanicity). Of these 
three qualities, — intensity, pitch, and absence or presence of the peculiar- 
ity called timbre, — the most important is the first. 



The Intensity op the Pebcussion-Sound. 

(Clearness and dtdness.) 

The opposite extremes in the intensity of a sound are strong and 
weak, loud and soft; but in the terminology of percussion which prevails 



A HANDBOOK OF PHYSICAL DIAONOSIS. 61 

in Gennanyy the extremes are designated loud and ckdly the intermediate 
yarieties of resonance muffled or ooscured. 

However convenient this nomenclature may be, if we wish to indicate 
the qualities of the percussion-sound as far as possible in terms similar to 
those employed in describing musical tones the above expressions must 
be considered badly chosen, as dull is not the opposite of loi^y but of 
dear. On the other hand clearness and dulness are not the opposite ex- 
tremes of intensity of a tone, because a clear tone may be very weak (soft) 
and a dull one very loud; nevertheless loitd and duU may be used to des- 
ignate contrary qualities of a tone with respect to timbre and pitch. — It 
would thus be more appropriate to speak of the normal pulmonary sound 
as being both loud (strong) and dear^ the opposite of which would be 
soft ^weak) and duUj in this way we should indicate both the intensity 
and timbre of the sound. The term soft (" leise "), however, is one that 
has never been de6nitely adopted into the terminology in question. — 
3fuffled is a very fitting term by which to express the transition from 
loudness (clearness) to dulness, as a muffled sound is not only less loud, 
but also less clear. 

Apart from the mere force exerted in p>ercussion, the intensity of the 
sound depends, 1st, on the structure and thickness of the cliest-waU ; and, 
2dly, on the quantity of air contained in the lungs, 

1st. The shock produced by the percussion -stroke is much diminished 
in force in its passage through the thoracic parietes to the lungs, this en- 
feeblemcnt during transmission being the more marked the thicker the 
tissues through which the impulse has to be conveyed; frequently, there- 
fore, the amount of vibration set up in the lung is but very slight. Thus 
the sound that is given by the lung, even when the latter is in a normal 
condition as regards air-contents, is always somewhat duller at those parts 
at which the subcutaneous fat is abundantly developed; in the mammary 
region in females, when the breasts are large, it is almost absolutely dull, 
especially on percussing gently; it is also less blear over those parts occu- 
pied by large masses of muscle, as over the whole posterior surface of the 
thorax, especially in the supra-spinous regions; it further diminishes in 
intensity when the covering of the thorax is thickened by oedematous 
swelling. Similarly, the percussion-sound becomes duller, sometimes even 
to a considerable degree, when the ribs are strongly curved and the chest- 
wall thereby increased in thickness; this is especially noticeable on the 
posterior surface of the thorax in those suffering from kyphosis. 

2. The sound is muffled when the quantity of air in the chest suffers 
diminution, and is rendered positively duU when the substance of the 
lung becomes completely impermeable to air. The sound obtained on 
percussing a lung which is entirely void of air is quite indistinguishable 
from that yielded by any other solid organ, such as the liver or the thigh ; 
the typically dull sound is therefore sometimes called the femoral sound. 

The decrease in the volume of air in the lung, however, must be con- 
siderable, and must implicate the organ somewhat extensively before it 
can produce any very sensible effect on the percussion-sound ; a very 
slight diminution does not alter it in any degree. In percussing a lung 
removed from the body and powerfully inflated we obtain a clear sound ; 
after allowing a small quantity of the air to escape we find that the sound 
remains quite as clear as before. In like manner it is frequently observed 
that in the beginning of acute, or in the course of chronic, diseases of the 
lungs the percussion note remains unaffected, notwithstanding the marked 
falling-off in the volume of air which the lung is capable of accommoda- 
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ting, a diminution which is the inevitable consequence of the nature o{ 
the morbid process going on, and the existence of which is preyed also by 
certain auscultatory signs to be subsequently considered. 

It is necessary, in order to the production of any marked decrease in 
the intensity of the percussion-sound, that the portion of lung rendered 
less permeable to air should have an area of at least 4 square cmtr., and 
that it should lie near the surface. Very circumscribed portions, even 
when situated superficially and perfectly consolidated, do not modify the 
sound, and still less is this effect produced by more deeply-seated lesions, 
even when they are of considerable extent. In the first case the sound 
continues unchanged because it is impossible to confine the vibration 
caused by the percussion-stroke to an area so limited, in the second case 
because the condensed parenchyma is at all points covered by lung tissue 
which contains air and which gives a clear sound. 

It has already been stated (p. 58) that in order to detect deep-seated 
consolidation it is necessary to percuss with a fair amount of force, when 
it is found that the tone rendered by the part in which such consolidation 
occurs is less loud than usual ; positive evidence of its existence, how* 
ever, is attainable only when it is comparatively near the surface and in« 
volves a somewhat large portion of the lung. The generally-accepted 
view, that this muffling of the resonance over those parts of toe lung in 
which consolidated tissue is sheltered behind tissue that is freely perme- 
able is due to the diminished depth of the stratum of air thrown into 
vibration, is supported by the fact that the percussion -sound of large 
portions of lung removed from the body and fully distended is clear, that 
of smaller pieces being somewhat duller. This is in accord with Weil's 
statement that the dulness is not owing to any quality communicated to 
the sound by the solid part — a theory that is founded on the following 
simple experiment: Weil found that two portions of lung of equal size, 
removed from the body, gave an equally clear sound to percussion, and 
that the relation was not disturbed even when one of the pieces was 
placed on a solid substance, such as the liver. 

When the ear is accustomed to the normal pulmonary percussion- 
sound very marked dulness is at once recognized without any compar- 
ative examination of the healthy side, though it is only by the latter 
method that the slighter deviations from the normal resonance are de- 
tected. Should the sound be of nearly equal intensity at two symmetri- 
cal points, — above or below the clavicles for instance, — percussion of the 
surrounding parts must be trusted to show whether or not it is normal 
— Obviously the stroke must be equal in force on the two sides. 

The diseases of the respiratory organs associated with decrease in the 
intensity of the percussion-sound may be arranged in two groups, those 
in which the air-vesicles are infiltrated with plastic exudation, and those 
in which they are subjected to pressure, and thus temporarily or perma- 
nently closed (by the presence of fluid or tumors in the pleurae). 

1. Dulness due to infiltration of the lungs. 

In pneumonia in the stage of hepatization the percussion-sound be- 
comes dull, the alveoli of the lung being completely filled with a fibrinous 
exudation which displaces the air they normally contain. The more 
nearly this hepatization, which usually involves one entire lobe, — ^most 
commonly the lower, — approaches the surface of the lung the more 
marked is the dulness, so that frequently the latter closely resembles the 
perfectly dull liver-sound. The absence of resonance, on the other hand, 
IS less appreciable when the consolidated parts are separated by healthy 
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lan^ tissue, and the sound suffers no sensible diminution if the induration 
be in very small isolated patches (see p. 61), even when these are super- 
ficial ; and similarly when the affection, though comparatively extensive, 
occupies the central parts of the lung, as in central pneumonia, the per- 
cussion-note remains quite unaltered. 

In the first stage of pneumonia, when, though the pulmonary capil- 
laries are engorged with blood, the alveoli are still free of exudation, the 
thoracic resonance is normal; it is only towards the end of this stage, 
"when a certain amount of exudation has been poured into the air-cells, 
but not enough to completely dislodge the air, that the intensity of the 
percussion-sound diminishes; it becomes slightly muffled, and acquires a 
tone of a somewhat tympanitic character (see p. 75), from the relaxation 
of the pulmonary parenchyma; in the third stage the exudation disap- 
pears, the air again gains entrance into the alveoli, and we have the same 
physical conditions as at the end of the first stage — ^the presence of both 
air and fluid in the air-cells producing a dull percussion-sound, which 
gradually becomes clearer, and at the same time assumes a tympanitic 
quality as the absorption of the infiltration goes on. This tympanitic 
character is lost when the process of absorption is ended and the lung has 
returned to its normal state. In those cases in which the infiltration, in- 
stead of being absorbed, passes into cheesy degeneration, or a state of 
chronic induration, the capacity of the alveoli is permanently lessened, 
and the thoracic resonance is more or less diminished. — ^It is not unusual 
to find all three stages represented simultaneously in the chest of one pa- 
tient, one part of the lung being hepatized, another part having reached the 
stage of resolution, and a third portion of the same or another lobe just 
taking on inflammatory action; it is in that way that we are able to ex- 
plain the sudden transition from an absolutely dull to a muffled or even a 
elear sound in the immediate vicinity of consolidated portions of the 
lang. 

Pneumonia occurs most frequently in the lower lobes of the lung, es- 
pecially on the right side, more seldom in the upper lobes or right middle 
lobe, or in both lower lobes at the same time. If only a part of a lobe be 
consolidated the form of the non-resonant region, mapped out on the sur- 
face of the chest, presents nothing characteristic; in hepatization of an 
entire lobe, on the contrary, we are able to trace externally its exact out- 
line. When the whole of the lower lobe is affected resonance is dimin- 
ished posteriorly as far upwards as the middle of the shoulder-blades ; in 
condensation of the whole of the upper lobe the dulness extends down- 
wards to the fourth or fifth rib in front, to the fourth rib laterally, and is 
recognizable also in the supraspinous regions; in hepatization of the right 
middle lobe dulness is most readily detected in the axillary line, between 
the fourth and fifth ribs. — As a pulmonary lobe, when completely consol- 
idated, increases considerably in bulk the region which it renders dull to 
percussion is correspondingly enlarged. 

In certain cases pneumonia does not pass regularly through its 
three stages, nor does it confine itself to the locality in which it first ap- 
pears; it wanders from one lobe or part of the lung to another, and reso- 
lution follows at once on the onset of the inflammation, without the oc- 
currence of hepatization; the disease may thus run a course lasting sev- 
eral weeks, attacking successively all the lobes of the lung, and sometimes 
occurring in the same parts more than once. 

In the pneumonia of children, which is seldom fibrinous, but usually 
catarrhal and following on capillary bronchitis, the thoracic resonance is 
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never so strikingly diminished as in that of adults, because in the former 
the substance of the lung is not oompletelj emptied of air, but cootiins 
islands of permeable tissue in the midst of the consolidated parts. 

As in pneumonic hepatization^ which is the type of complete codboG- 
dation of the lung, so in every other variety of jndmanary candenmUifm^ 
/rom tohatever cause arising ^ the percussion-sound is mumedot abioUUti}/ 
dull. To this category belong the different forms of cheeay pnainumic 
condensation of the hmg and chrofiic interstitial pneumonia usual] j des- 
ignated by the collective term phthisis. The intensity of the dulness ii 
determined by the degree of infiltration and blocking-up of the air-oelli 
and by the extent of lung concerned; thus the thoracic resonance may 
be perfectly normal during the first stages of phthisis, and it certainly 
suffers but slight modification when patches of healthy lun^ tissues are 
still found between the condensed portiona — ^The apices of the lungs in 
the parts most subject to this caseous pneumonic degeneration; they may 
both be attacked, but seldom simultaneously, or with equal violence; at 
other times the disease is unilateral, occurring then most frequently on 
the right side. Dulness so produced is accordmgly most commonly foand 
in the supraclavicular regions and on the clavicles; if the infiltration havs 
invaded the whole thickness of the lung, which is very frequently tbe 
case, the tone in the supraspinous re^ons also loses in resonance, and 
should it be more abundant posteriony than anteriorly the dulness will 
be less marked in front than behind, or may even be absolutely wanting 
over the clavicles. When the condensation spreads g^radually to the low- 
er part of the superior lobe the dulness to percussion extends similariy to 
the infraclavicular region as far downwards as the third and fourth ribs, 
and also, though not to so marked a degree, to the upper part of the 
shoulder-blades. 

Acute iniliary tuberculosis never diminishes the resonance of the 
chest, as it does not cause consolidation of the lung substance. 

Effusion of serum into the pulmonary vesicles {oedenia of the lungs) 
gives rise to but very slight muffling of the percussion-sound, as the ai^ 
cells are not completely filled with nuid, but still contain a certain quan- 
tity of air, the lungs being thus in a condition analogous to that pre- 
sented at the end of the first stage of pneumonia. — Effusion of blood into 
the pulmonary vesicles (ha?morrhagic infarction) produces dulness to per- 
cussion only when the infiltration is so abundant as to totally exclude the 
air, and wlien the affected part is more than 4 cmtr. in diameter and sit- 
uated near the surface of the lun^. 

Hacmorrhagic infarction, as the result of mitral lesion, occurs most 
often in the middle and lower lobes of the right lung. Infarction is also 
rarer in the centre than at the periphery of the lung. 

2. Dtdness due to compression of the hmg. 

This results generally from the presence of fluid in the pleural sao. 
A small quantity does not obscure the sound, this taking place only when 
the effusion has a thickness of at least 1^ cmtr. Experiments performed 
on the dead body, in adult males, showed that it is only after the iniec- 
tion of 400 ccm. of water into the pleura that the area of dulness rises 
two finorers'-breadths above the posterior lower margin of the lung ; when 
augmentation of the mass of exudation is attended also by increase of 
the diameter of the layer of fluid interposed between the lung and the 
chest- wall the percussion-sound becomes less and less clear, and when the 
laver measures more than 5 cmtr. in thickness the sound becomes abso- 
lutely dull. So long as the collapse of the lung from pressure is not com- 
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»lete we can, by percussing forcibly, demonstrate the presence of the res- 
idaum of air, the sound so elicited being distinctly more resonant. 

Slight exudations gravitate towards the lower and posterior parts of 
the pleural cavities, so that it is to these regions that the alteration in 
the tnoracic resonance is at first limited ; as the effusion increases in vol- 
ume it spreads to the sides, and then to the front, of the chest, when the 
non-resonant area is found to extend from the vertebral column behind 
to the middle line in front. The level of the fluid, as traced by percus- 
sion, is not perfectly horizontal, but is oftener higher posteriorly than at 
the side or in front. Further, as the layer of fluid is of less thickness in 
its upper than in its lower part the duiness is more decided towards the 
bases of the lungs. And nnaliy, when the diaphragm is forced down- 
wards, as it is, both laterally and anteriorly, when the effusion is very 
Abundant, the non* resonance to percussion is found to be co-extensive 
with the displacement ; thus, in exudation into the left pleura duiness is 
detected at the anterior and lower part of the thorax, where normally the 
tympanitic sound of the stomach is heard, while in exudation into the 
right pleura the duiness in the hepatic region is considerably increased. 
When the visceral and costal pleune have contracted adhesions in the 
course of a former attack of pleurisy, the fluid does not move freely in 
the pleural cavities, but is enclosed in such spaces as are left between the 
adhesions, forming the so-called encysted pleuritic effusion ; in these cir- 
cumstances the duiness has no characteristic shape, and a definite diagno- 
sis is possible only by calling to our aid the other methods of exploration. 

When the exudation is undergoing absorption the lung begins to ex- 
pand again gradually, and the duiness diminishes — both in extent, as the 
level of the fluid sinks, and in intensity, as the thickness of the layer of 
effusion, and with it the distance between the lung and chest-wall, de- 
crease, — the air which enters the lungs making its influence felt in clear- 
ing the percussion-sound. If, notwithstanding the complete absorption 
of the fluid or its discharge outwardly through perforation of the thoracic 
parietes or by operative puncture, the lung shows no tendency to return 
to its former dimensions, having become collapsed from persistent com- 
pression, the percussion-sound remains permanently dull. 

Certain recent experimental investigations by Garland and by Ferber, 
consisting essentially of the injection of slowly coagulating fluids into the 
pleural cavities of dogs, give results more or less confirmatory of the fore- 
going statements. A slight effusion first of all separates the peripheral 
part of the diaphragm from the thoracic wall, making room for itself in 
the complementary pleural sinus which, in ordinary superficial respiration, 
18 not occupied by the lung; duiness begins to be appreciable only when 
the level of the fluid rises above the margin of the lung. The upper sur- 
face of the fluid has a constant tendency to run into the horizontal posi- 
tion, and alters therefore with each change in the posture of the body; 
its upper boundary is never perfectly horizontal, however, but presents 
many curves, while the mass of the fluid is continually rising and falling, 
— a fluctuating motion which depends to a certain extent on movements 
proper to the fluid itself, but principally on the movements of the respi- 
ratory organs and of the heart. It is possiblv owing to these undulatory 
movements that when at a later stage peripheral adhesion occurs at the 
upper margin of the exudation it does not take place in a horizontal, but 
in a somewhat irregular or wavy, line. The position and outline of the 
mass of fluid, however, depend chiefly on the habitual posture of the body; 
thus it usually reaches to a conaiderably higher point behind than it does 

6 
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in front when the patient has been long confined to bed lying on hiB back, 
and it remains at this level on the formation of inflammatory adhesions, 
while its upper boundary is generally nearly horizontal when the patient 
is able to be up and to move about during the time that the exudation of 
lymph is going on. — Further, the distribution of the fluid, and the conse- 
quent conformation of the non-resonant area, are influenced to an impo^ 
tant degree by the occurrence of partial adhesions between the visceral 
and costal pleurae at an early stage in the disease, and also to some extent 
by the retractibility of the lun^, this not being equal at all points even 
in health. In these considerations may be found the explanation of the 
fact that while most commonly the upper margin of the dulness is higher 
behind than in front in some cases it does not deviate much from the hori- 
zontal line. 

What has just been stated with regard to pleuritic exudation is ap- 
plicable also, with certain modifications, to the transudation of fluid into 
the pleural cavity, Hydrothorax ; but whilst the former, with very rare 
exceptions, is unilateral, the latter is invariably double, not originating 
simply in inflammation of the pleurae but in disease of the heart or kid- 
neys. Cardiac diseases, mitral disorder for example, give rise to this 
transudation by producing an overloaded condition of the pleural veins, 
and renal disease by causing hydraemia. If the quantity of fluid transuded 
be not excessive the intensity of the percussion-sound may be consider- 
ably modified by changing the position of the body, as the liquid always 
sinks to the lowest part of the thorax. Thus in patients suffering from 
Hydrothorax the fluid stands at the same level in front and behind so 
long as they maintain the upright position; but when they lie on the 
back the fluid gravitates to the posterior parts of the chest, and th& per- 
cussion-sound oecomes clearer in front. (This change in the thoracic 
resonance from alteration of the position of the body is also frequently 
observed, but to a less marked extent, in cases of ordinary pleuritic effu- 
sion.) In general the transuded fluid, which is not usually very abun- 
dant, occupies only the posterior and lower part of the pleura and is 
scarcely observable in front; the dulness caused by it therefore does not 
equal in extent or intensity that of pleuritic exudation. 

Solid bodies situated between the lung and the chest-wall have the 
same muffling effect on the percussion note. Amongst these roust be 
reckoned tumors of the mediastinum. The sound is similarly rendered 
dull when the lung is subjected to pressure by the development within 
itself of certain morbid growths (carcinoma, sarcoma), by tumors of the 
bronchial glands, by marked hypertrophy of the heart, and by large tu- 
mors of the liver or spleen which push the diaphragm upwards. In these 
cases and in others of a like nature the non-resonant region, even when 
the dulness is of great intensity and distributed over a considerable sur- 
face, has not the outline which is so characteristic of pleural exudation, 
but is usually somewhat irregular in conformation; obviously also the 
dulness is to be attributed to the solid body which gives rise to the pres- 
sure rather than to the impermeability of the portion of lung so acted 
upon. 

Diseases of the bronchi^ unaccompanied by structural change in the 
substance of the lung, never diyninish the thoracic resonance ; the calibre 
of the bronchi may be very much reduced by swelling of their mucous 
membrane, by very abundant catarrhal secretion, or, as in croupous bron- 
chitis, by firm fibrinous exudation, yet there is always sufficient room left 
to permit of the access of air to the alveoli; it is only when bronchial dift- 
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eases invade the parenchyma of the lungs^ exciting secondary infiltration 
and consolidation (broncho-pneumonia, bronchiectasis), that muffling of 
the percussion-soand is observed. 

Ingbeasx nr thb Intensttt of thb Pbbcussion-sottnd. 

Conditions the opposite of those which obscure the percussion-sound 
(see p. 60 et &eq.) increase its intensity; it is clearer therefore when the 
thoracic parietes are thin (in patients, for example, whose muscles and 
subcutaneous fat are slightly developed), as the force of the percussion 
stroke is more readily and with less loss of intensity conducted through 
them to the lungs, in which organs, accordingly, more vigorous vibration 
is set up. In old people therefore, and in those who are much emaciated, 
the percussion note is loud and clear. If the^loss of tissue be confined 
to one side (progressive muscular atrophy) the chest, as in a case which I 
had an opportunity of examining, in which the right pectoralis major had 
almost entirely disappeared, may be so resonant at that part that the nor- 
mal sound given at the corresponding point on the healthy side seems 
almost dull in comparison. Full inspiration intensifies the percussion 
note, as the volume of lung thrown into vibration is larger; in quiet res- 

firation such differences in the intensity of the sound are not appreciable. 
n pulmonary emphysema the chest is sometimes abnormally resonant 
(the tone being also usually somewhat higher in pitch), especially in 
severe cases. Biermer designates this the Bandbox sound [Schachtel- 
schall]. There are no other conditions to be noticed in which the tho- 
racic resonance is simply increased in intensity. No special diagnostic 
value, therefore, attaches to this sign. 



Pitch of the FEBCussioN-soinn). 

The pitch of the percussion-sound depends on the degree of tension of 
the chest-wall on the one hand, and on that of the tissues of the lung on 
the other. The tension of both parts is increased in inspiration and di- 
minished in expiration, so that in full inspiration the tone becomes slightly 
higher and in forced expiration slightly lower; and this same rise and fall 
in pitch is observed both in healthy and in diseased lungs. As has been 
already stated, the most important of the circumstances which determine 
the pitch of the percussion-note is the tension of the chest- wall, the least 
important that of the lung substance; that the latter indeed exercises but 
little influence in this respect is evident from the mere fact that the in- 
spiratory rise in pitch above referred to takes place also in certain patho- 
logical conditions in which changes in the tension of the pulmonary par- 
enchyma are scarcely possible, such as diseases involving destruction of 
tissue. — The simple increase of volume that the lungs undergo in inspira- 
tion, apart from the forementioned greater tension, takes no part in caus- 
ing the simultaneous rise in the pitch of the percussion-note; it might 
rather, on the contrary, be expected that the sound should become lower 
during inspiration, as the volume of air in vibration is greater than dur- 
ing expiration. This lowering of the tone, however, does not occur, as 
any tendency in that direction is more than compensated for by the other 
iaetors — ^by the increased tension. — When the breathing is quiet the 
pitch remains practically the same during both phases of respiration. 
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In the normal thorax differences in the pitch of the percu8sion*80iind 
at different parts may be recognized by a cultivated musical ear; thus, oa 
the right it is usually found to be deeper than on the left, though occa- 
sionally the reverse condition is met with. Even on the same side of the 
chest the sound is not of the same pitch at all points : in the neighbor- 
hood of the liver it is somewhat higher than at other parts, — at least in 
the sitting and standing positions. A slight elevation in the pitch of the 
tone is noticeable on the front of the thorax on raising the body from 
the recumbent to the sitting posture, due, evidently, to the increased 
tension of the thoracic parietes; this phenomenon is observed also in the 
dead body, a fact which excludes Rosenbach's theory, that it is caused by 
change in the respiration. — The variations in the pitch of the percussion- 
sound in the thorax are occasionally so trifling as to be appreciable only 
when carefully watched for; in other cases they are so marked that inex- 
perienced examiners not uAfrequently mistake them for differences in in- 
tensity, regarding the grave sound as dull in comparison with the acuter 
or clearer sound yielded at other points. These variations possess no 
diagnostic significance, as they depend only on physiological differences 
in the tension of the chest-walL 

The percussion-note becomes abnormally deep in those pathological 
conditions which are accompanied by diminxUion in the tension of the lung 
tissue at any part: these are pleuritic exudation and pneumonia (Traube), 
of moderate intensity. 

1. In moderate pleuritic exudations, occupying, for instance, not more 
than the half of the pleural cavity in front, laterally, and behind, the per- 
cussion-sound in the infraclavictdar region* becomes deeper in pitch 
than at the corresponding point on the opposite side; this is caused by 
the gradual retraction of those parts of the lun^ still permeable to air and 
situated above the level of the fluid, by their slow return to their natural 
volume in the undistended state, — that is, by the loss of tension in those 
parts. 

A retracted lung contains less air than one in its normal state, but the 
gravity of the percussion-note is not due to this, as diminution in the vol- 
ume of air present in the lung usually raises the pitch of the sound, as is 
almost every case in which the latter is muffled or dull. 

2. In pneumonia also the pitch of the sound is lowered over those parts 
of the lung which remain accessible to air, and are situated near the hepa- 
tized portion. If, for example, the lung in its posterior aspect is com* 
pletely consolidated while air is still freely admitted to the parts in front, 
the infraclavicular region gives an abnormally deep note on percussion. 
Here again, as in cases of pleuritic exudation, the same cause is in opera- 
tion, deepening the sound, — decrease of tension in the non-infiltrated por- 
tions of the lung. 

This lowering of the pitch of the percussion-sound is not invariably 
present in cases such as those described, as the retraction of the permea- 
ble parts of the lung does not always reach the precise degree which is 
favorable to the production of the phenomenon. Its duration must obvi- 
ously be short in pneumonia, and it disappears rapidly in pleurisy also 
when the exudation undergoes any very great increase; I have observed 

* When the anterior part of the upper lobe of the long is entirely emptied of air, 
and the posterior part slightly redaced in vdame (as in cases of enovsted ezadation, 
glandular tumors. &o., situated in front) the peroossion-soond in the sapxa-qiinoas 
xegion is abnormally low in pitch. 
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it lasting only a few days, or even a still shorter time, in some cases in 
which the exudation was stationary. And further, at the commencement 
of the stage of absorption of very large effusions, when the compressed 
lung begins again to expand, the sound in the infraclavicular region may 
become abnormally deep. 

The percussion-sound in the above-mentioned circumstances, in pleuri- 
tic exudation and in pneumonia, may be simply lowered in pitch, or it 
may also be attended by a tone of somewhat tympanitic character, or may 
even eventually become perfectly tympanitic; in another class of cases of 
the same diseases the note is* tympanitic from the very outset, without 
having been previously lowered in pitch (see p. 74 et seq.), 

jE3ev€Uion of the pitch from pathological causes never occurs alone, 
unaccompanied by decrease in the intensity: the sound generally rises in 
pitch as it loses in clearness. An abnormally high-pitched percussion- 
sound is thus of no special diagnostic importance, as it never exists alone 
as a pathological phenomenon. 



The Tympanitic PERCussiON-souin). 

This sound owes its name to its resemblance to the sound of a drum, 
though the timbre in the two cases is not exactly identical. In its physi- 
cal characters it closely approaches the musical tone,* inasmuch as it is a 
sound the pitch of which can be easily and accurately determined. The 
percussion-sounds of the larynx (with the mouth open or closed), of the 
distended cheeks, and of the stomach and bowel, illustrate well the differ- 
ences in the pitch of the tympanitic note. 

Tympanicity is not an unusual symptom in many of the diseases of 
the organs of respiration, but is never found on p>ercussing the normal 
chest. In tracing the manner in which it is produced we must go back 
to its physical cause, which is most simply demonstrated by percussing 
the larynx or intestine, or by striking on the upper part of a drinking- 
glass, and so throwing into vibration the column of air contained into it. 

If we percuss with the hammer on a pleximeter held over the mouth 
of an empty or only partially tilled vessel (a ^lass or jug), a tone is heard 
which is louder the nearer the margin, and the more forcibly, the stroke 
is delivered. This sound is exquisitely tympanitic^ and retains the same 
pitch whether we percuss forcibly or gently, with a narrow or a broad 
pleximeter. On performing this experiment with different glasses the 
tone will be found to vary in pitch with the breadth and depth of each 
vessel, heifig high in direct proportion to the shaUovmess of the glass and 
the toidth of its mouth. The tympanitic character is given to the tone 
by the vibration of the column of air within the glass and the regular re- 
flection of the sonorous waves from its smooth inner surface. 

The conditions presented by the larynx, stomach, and bowel, are ex- 

^ Gerhard has tried to prove, by means of Ednig*8 aansitive gas-flame, that the 
^ympanitio tone is compoeed of a Buoceseion of similar and regular sonorons waves, the 
non-tjmpanitio sonnd, on the other hand, of diasimilar waves. If a tympanitic sound 
or a tone of low pitch be received in the fonnel of the apparatus and directed on the 
flame, a series of equal indentations, with non-tympanitio sounds a series of unequal 
indentations, appears in the carved bands of light on the rotating reflecting prism. 
H. Jaooheon, on the contrary, whose experiments I have had the Measure of witness- 
ing, denies that the tympanitic sound is distinguished from the non-tympanitio by any 
madced difference in the flame-traoing. 
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actly similar to those detailed above; we have here to deal with a bodj 
of air set in vibration by the percussion-stroke^ and enclosed in a cavitj 
whose walls reflect the waves of sound with perfect uniformity. ThU 
the tympanicity of the intestinal percussion-note is due simply to the 
vibration of the air contained in the bowel may be proved negatively. If 
the whole bowel, or a portion of it, be removed from the abdomen and 
fully inflated, a ligature being placed on each end, the sound it gives to 
percussion is no longer tympanitic; the tense intestine becomes capable 
of entering into simultaneous vibration with the air it surrounds when 
the shock of the blow is communicated to it; but the vibrations of a mem- 
brane (that is, of a solid body), being different in kind and extent from 
those of the intestinal gases, the different sonorous waves interfere with 
each other, become broken and irregular, and constitute merely a sound 
— not a tone in the physical sense. But as soon as a portion of the air is 
allowed to escape, the relaxed state of the bowel deprives it of the power 
of vibrating, and the sound again takes on the tympanitic character. 

The alteration in the intestinal percussion-sound thus brought about 
by artificial means finds its parallel in the change which accompanies 
pathological distensio7i of the bowel within the abdomen bi/ ffos / in cases 
of meteorism of the intestines tympanicity disappears, the percussion- 
sound over the abdomen becomes louder and deeper in pitch, but not 
tympanitic. 

The phvsical cause of the normal tympanicity of the intestines at once 
explains also the non-tympanicity of the normal thoracic sound. The 
lung in the thorax being always during life slightly over-distended, not 
only the pulmonary air but the pulmonary tissue also vibrates in response 
to the percussion-stroke; the sonorous undulations originating in the 
tissues of the lung mingle with and disturb those of the air, just as the 
vibrations of the tense intestinal wall obscure those of the intestinal gases, 
so that no tone is given out, but only a sound of a non-musical character. 
This explanation is supported by the fact that the lung, when relaxed and 
reduced to its normal size by removal from the body, yields a note of 
tynipatiitic quality, only the air within it, and not the lung^issuey being 
thrown into vibration; and if the lung be now inflated the tympanitic 
tone disappears and is replaced by the ordinary percussion-sound of the 
lung while it is still within the thoracic cavity. 

This simple phenomenon — that the lung when raised from the thorax 
and shrunk to its normal volume gives a tympanitic sound, the distended 
lung a non-tympanitic sound, to percussion — has been the subject of 
numerous controversies. Does the tympanicity of the sound depend on 
the vibration of the pulmonary air? or of the pulmonary substance? 
or of both combined ? These are questions to which verv different an- 
swers have been given by Wintrich, Mazonn, Korner, Hoppe, Geigel, 
Schweigger, &c. 

Wintrich holds that the tympanitic sound given by the shrunken lung 
in the dead body originates in the pulmonary parenchyma, and not in the 
air contained in the alveoli or bronchi; the pulmonary vesicles are too 
small, the smallest body of air which can give rise to a tympanitic tone 
having, according to this author, a height of at least six lines, and the 
pulmonary sound also is somewhat higher in pitch, even than that 
obtained from a column of air six lines high; neitner can the air in the 
bronchi be considered as the cause of the tympanitic sound, as narrowing 
or dilatation of the principal bronchus, or even closure of the same by 
ligature, makes no change on the pitch of the note — an effect, howeveri 
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"which is invariably produced by similarly altering the conditions of a col- 
umn of air contained in an open cavity (see p. 71). Rosenbach, on the 
other handy states that such a change does follow closure of the principal 
bronchus; that in these circumstances the sound becomes to a corre- 
sponding extent deeper. 

The tympanicity of the percussion-sound of the collapsed lung in the 
dead body can be satisfactorily accounted for, not by regarding the pul- 
monary cells as columns of air surrounded by membranous walls, and 
each one capable independently of entering into vibration — ^their small 
size forbidding such an assumption — but rather by considering them as 
cantmuouSj forming one large resonant cavity subdivided by very thin 
membranous septa which are everywhere of homogeneous structure. 
These septa^ like the relaxed walls of the intestine or stomachy can indeed 
r^l/tect soimdy but are themselves unable to enter into vibration^ as they 
lack the principal condition necessary to the performance of this function 
— a sufficient degree of tension ; it is thus physically impossible to cause 
them to vibrate. So soon, however, as by the inflation of the lung, this 
condition is realized, the tympanitic quality of the percussionnsound is 
test, because now not merely the pulmonary air, but also the tense pul- 
monary tissue, responds to the percussion-stroke, and the substance of 
the lung, being a solid body^ naturally gives vibrations quite different in 
nature from those of the air in the alveoli. The result is that these dis- 
similar sonorous waves to a certain extent neutralize each other and ren- 
der the production of a tympanitic or musical tone impossible.^ 

The percussion-sound of the thorax is tympanitic in the following path- 
ological conditions: 

1. In cases of excavation of the lung substance; 

2. In cases of accumulation of air {gas) in the pleural cavity/ 

3. When the tension of the lung tissue is diminished. 



1. Tympanitic Pbrcussiok-sound nr Pulmonaby Cavities. 

Pulmonary excavations, being invariably in direct communication with 
the bronchi, always contain air, and thus form resonant or reverberating 
chambers similar to the glass used in the experiment already described. 
To the production of the true tympanitic sound, however, certain condi- 
tions are necessary : 

a. This air-space must be surrounded by frm walls, capable of re- 
flecting waves of sound. The condensed tissue in which vomicae are usu- 
ally enclosed constitutes a solid wall of this character; in the absence of 
this induration, which is comparatively rare, no tympanitic sound is heard. 

& The cavity must be of a certain size, — as large as a pigeon's egg at 
least, — and be situated quite close to the surface of the lung; over deep- 
seated cavities, even when they are of much greater dimensions than 
above indicated, the percussion-sound has no tympanitic quality. Large 
vomicae render a tone which is the more clearly tympanitic the more su- 
perficial they are and the thinner the thoracic parietes; cavities, therefore, 
m the upper lobes of the lungs, in which region the chest-wall — which 
suffers also in the general emaciation connected with the original disease 

> Altbongh tifmpanidtp is more nearly related to the physical idea of a tone than to 
that of a Bounds the latter term (as in the expresBion tympanitic sound) being the one 
best known and longest in use, is retained in the following pages. 
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— is naturally thinnest, give a more decidedly tympanitic perooasioiirnoto 
than those occurring in the lower lobes, chiefly on account of the greater 
thickness of the layer of muscles covering the latter on the lower jMirt o( 
the dorsal aspect of the chest. 

The tympanitic character of cavernous resonance is never so intenis 
as that of the intestinal percussion-sound, as it originates in the vibration 
of a much smaller body of air. It may be either muffled or clear, — muf- 
fled when the quantity 6f fluid in the cavity is greater than the volume of 
air, clear when these conditions are reversed. 

There is one very important sien which is, with very few exceptioni 
(see pp. 73 and 75), associated only with the tympanicity dependent an. 
pulmonary cavern^ — provided always that the cavity communicates freely 
with one of the larger bronchi; that is that the pitch of the percussion- 
sound is higher when the mouth is open, lower when the mouth is skut^ 
and lower still when the nostrils also are closed (Wintrich). The cause 
of this modification of the note lies obviously in the variation in the site 
of the external orifice of the cavity, as it has been already shown (d. 71) 
that the pitch of the sound given by an air-space which is not completely 
closed depends not merely on the length of the column of air in vibration, 
but also on the width of the opening by which it joins the outer air; thus^ 
the tone rises in pitch when the outer orifice is enlarged, and falls when 
it is contracted, the length of the column of air remaining the same. A 
similar change can also be demonstrated by percussing on the side of the 
larynx or on the cheek, the sound becoming lower when the mouth is shut 
and higher when it is open. It has been observed further that the tym- 
panitic cavernous sound is raised in pitch by full inspiration (Friedreich); 
this is not wholly attributable to dilatation of the glottis, as the inspira- 
tory rise in pitch takes place even when the bronchus into which the cav- 
ity opens is blocked up by mucus, — a condition which is recognized by 
the disappearance of the sign described by Wintrich, the modification of 
the percussion-sound by opening and closing the mouth; it proceeds 
rather from the increase in the tension of the chest-wall, which takes 
place when the lung expands (see p. 67). In expiration, on the other 
nand, the tympanitic sound becomes deeper; or it may almost entirely 
disappear, giving place to a muffled or less clear sound, especially during 
an attack of coughing. In the latter case the air in the cavities is com- 
pressed and for the most part driven into the bronchi by the great aug- 
mentation of the intrathoracic pressure, so that the only vibrations which 
are appreciable are those of the condensed lunc^tissue. 

When the excavations are of very large size, so disposed that their 
long diameter corresponds with that of the lung and of the body as a 
whole, containing both air and fluid, it is sometimes observed that the in- 
terisity of the tympanitic sound is modified by changing the position of 
the patient; when he is standing or sitting the sound is of a dull tympa- 
nitic quality inferiorly, of clear tympanitic quality superiorly, — ^the fluid 
gravitating naturally to the lower part of the cavity, the air rising to the 
upper part; in the recumbent posture the tympanitic note becomes 
everywhere clear, owing to the uniform distribution of the fluid over the 
entire posterior surface of the cavity. Not only the intensity but also 
the pitch of the percussion-sound of large excavations is altered when the 
position of the body is changed; when the cavity is of such a form and 
so situated that its long diameter is directed from above downwards the 
tone becomes higher when the patient assumes the sitting posture, as in 
this way the vibrating column of air is considerably shortened: when the 
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cavity is deepest antero-posteriorly the pitch of the peroussion-note is low- 
ered in the upright position (Gerhardt). The last-mentioned sign, when 
unmistakablj present, is absolutely pathognomonic of the existence of 
oayity, because under physiological conditions a deepening of the pitch 
of the percussion-sound is never produced by raising the body from the 
recumbent to the erect* posture; tne occurrence of the former phenome- 
non, however, the elevation of pitch in the sitting posture is less conclu- 
sive, as it may also be determined by the increased tension of the thora- 
cio parietes (see p. 67). 

Gerhardt also believes that the dimensions of pulmonary vomicae may 
be definitely ascertained by means of Helmholtz's resonators. If a suit- 
able resonator be held before the patient's mouth, which should be open, 
the tympanitic cavernous percussion-note is greatly increased in intensi- 
ty; and as the size of the cavern and that of the resonator which pro- 
duces this effect stand in direct proportion to each other the diameter of 
the one may be taken to represent that of the other. The researches of 
Eichhorst and H. Jacobson do not confirm these statements; it was found 
on post-mortem examination that the actual size of the cavities differed 
very considerably from the estimate formed by means of the resonators, 
being sometimes three, five, or more times larger or smaller than had 
been expected. It was further shown that the same resonators which, 
when held before the open mouth, intensified the tympanitic cavernous 
sound, rendered more clear also the percussion-sound on the healthy side 
of the chest. This method of examination, therefore, cannot be depend- 
ed on to give trustworthy results. 

2 The Tympanitic Pebcussiok-bound in Pneumothorax. 

In pneumothorax the air with which the pleural cavity is filled is 
caused to vibrate by the percussion-stroke, while the waves of sound are 
regularly reflected by the chest-walls; the same conditions are thus pro- 
vided for the production of the tympanitic sound as in percussing the lar- 
ynx or the glass used in the experiment formerly described (p. 71). The 
area rendered tympanitic varies in extent, being large or small according 
to the greater or less amount of compression of the Tung which has taken 
place. Opening or shutting* the mouth has no effect on the pitch of the 
sound, the cavity occupied by the air being a closed one; enlargement or 
diminution of the vibrating column of air therefore, in the sense in which 
these changes occur in pulmonary cavities which are in free communica- 
tion with bronchi, is out of the question. It is only in very rare cases, in 
which the fistula through which the air has entered the pleural sac con- 
tinues patent and is of sufficient size, that it is possible to drive a certain 
quantity of air from the cavity of the pleura with each percussion-stroke: 
in these cases the pitch of the sound may be varied by opening or closing 
the mouth. 

Tympanicity in pneumothorax persists only so long as the tension of 
the imprisoned air continues moderate in degree. If tne bronchial fistula 
or the rupture in the wall of the pulmonary cavern (the latter being the 
most common cause of pneumothorax) be not immediately closed by the 
products of adhesive inflammation, air rushes into the pleura at eacn in- 
spiration, till the lung is reduced to a state of complete collapse; * the 

^ The air foioed hito thA pleural sao daring inspiration does not, or does to bat a 
very slight amoant, escape dazing expiration, as the palmonaxy fistala is oloaed valve- 
faihion bj the inozeasing prearaze of the air in the cavity. 
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tension of the air in the affected side of the chest thus becomes so great 
that the tympanitic quality is lost from the percussion-sound and is re- 
placed by the metallic or amphoric sound to be subsequently discussed. 

The irritation consequent on the admission of air into the pleon 
usually provokes an attack of inflammation in that structure, followed by 
more or less copious effusion; the fluid, as in most cases, may not rise 
above the lower and posterior part of the cavity, or it may encroach on it 
to a still greater extent, constituting the condition known aa pyo-pneu- 
mothorax; it may even completely fill one side of the chest (pyothonx) 
and in that way bring about the cure of the pneumothorax. In the lat- 
ter case the percussion*sound on the affected side is absolutely dull, in 
the former cases it continues tympanitic above the level of the exudation. 
In pyo-pneumothorax also change in posture develops a change in ths 
character of the sounds as in each position in which the body mav be 
placed the fluid invariably seeks the lower level, the air the higher. IliQS 
the dull sound of the anterior and lower part of the chest in the standing 
or sitting position becomes at once tympanitic as the patient assumes the 
recumbent posture, that of the one side of the chest being similarly modi- 
fied when decubitus is on the opposite side, that of the lower and poste- 
, rior parts of the thorax when the patient lies prone on the abdomen. 
Should the pleurse at any point have formed adhesions before the occur^ 
rence of the pyo-pncumothorax the air is excluded from certain parts of 
the cavity, and encysted pyo-pneumothorax is the result; in such cases 
change of attitude is attenaed by no modification of the physical signs. 



3. Tympanitic Pebcussion-sound due to Diminished Tension o? 

THE Lung Substance. 

Those conditions which favor the retraction of a greater or less por- 
tion of lung (that is, its return to its dimensions in the relaxed state in 
which it is found when respiration has ceased, the pulmonary tissue be- 
ing always more or less on the stretch during life), give rise very fre- 
quently to a tympanitic percussion -sound — ^just as it occurs in the lung 
when removed from the thorax and so allowed to resume its natural vol- 
ume. 

Amongst these conditions are: a. Pleurisy, J. Pneumonia, c. CBdema 
of the lungs, d. Caseous pneumonic degeneration in the upper lobes. 

a. In exudative pleurisy the lung shrinks to a degree proportioned to 
the amount of the exudation, and it consequently loses to the same ex- 
tent in tension; when this retraction reaches a certain point, which is not 
the same in every case, the percussion-sound takes on the tympanitic 
quality. Even at the beginning of the exudative process, when the 
layer of effusion is not yet of sufficient thickness to ^ve rise to percussion- 
dulness, the sound at the posterior and lower part of the thorax is often 
found to be of a dull tympanitic character; this speedily disappears with 
the augmentation of the exudation, and the parts become completely non- 
resonant. 

In pleurisy with moderate effusion, the tympanitic sound is observed 
above the level of the fluid, in the anterior and lateral parts of the thorax. 
The tympanitic quality is more or less distinctly appreciable according to 
the degree to which the free portions of the lungs are reduced in volume; 
it is lost as the exudation increases, and reappears at the beginning of 
the stage of absorption, when the lungs commence to expand again. 
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But not in every ease of pleuritio effusion is the sound tympanitio 
above the region occupied by fluid; it is often merely deepefied in pitchy 
and sometimes even shows no departure from the normal standard (see p. 
€8 et seg,). The causes of these differences in apparently identical physi- 
cal conditions, so far as the exudation alone is concerned, should probably 
be sought in the unequal tension of the lung-tissue in different individu- 
als. A greater degree of tension is necessary for the development of a 
tympanitic sound than for the production of one which is abnormally low 
in pitch but non-tympanitic. In some cases, in which the percussion- 
note above the effusion undergoes no change, a decrease in the elasticity 
of the lungs may be shown to exist, rendering any great degree of re- 
traction impossible — in chronic bronchial catarrh, for instance, especially 
when associated with vesicular emphysema; at other times there are 
other causes, such as a more rigid condition of the thoracic parietes, to 
account for this phenomenon. 

It was Skoda who first drew particular attention to the occurrence of 
tympanicity in cases of pleuritic exudation, and satisfactorily made out 
the nature of the physical conditions on which it depends, though these 
seem to have been not quite unknown even to Auenbrugger. This sound 
is sometimes named the " bruit scodique " by French physicians. 

b. A tympanitic percussion-sound IS sometimes also heard in pneumO' 
nia^ especially in the first stage and in that of resolution, though it is not 
unusual to find that in the staff e of hepatization the permeable parts of 
the lung in the immediate neighborhood of those which are completely 
consolidated give a sound of this character; it is further more common 
in the upper than in the lower lobes. Its cause may be of a two-fold na- 
ture. Thus, when the superior lobe is hepatizod a tone of tympanitio 
quality, arising from the vibration of the column of air contained within 
the principal bronchus of that lobe, may be elicited by forcible percussion; 
in these circumstances also the sound, like that of pulmonary cavern 
and of the larynx, is observed to vary in pitch on opening and closing the 
mouth. In hepatization of the lower lobes, on the other hand, where there 
are no large bronchi, the cause of the tympanicity is evidently loss of ten- 
sion in the lung substance; the lung shrinks somewhat in the vicinity of 
faepatized parts, these latter being rendered abnormallv large by the infil- 
tration of the alveoli. In the first and third stages of pneumonia the re- 
laxation of the pulmonary tissue is due to infiltration of the air-cells, 
caused by engorgement of the capillaries (first stage) or by the presence 
of fluid and air in their interior (third stage). The tympanicity of the 
first stage merges gradually or rapidly into absolute dulness as the process 
of hepatization begins; in the third stage it slowly passes off, giving place 
to the normal sound when the exudation has been removed from the alve- 
oli by absorption. 

c. The occurrence of the tympanitic percussion-sound in oedema of the 
lungs, in which the pulmonary vesicles are filled with transuded fluid and 
air, may be explained in the same way: the lung-substance loses in ten- 
sion, the quantity of air contained in the alveoli being smaller. 

This variety of tympanicity may be reproduced after death by forcing 
fluid through the trachea into the vesicles and at the same time inflating 
the lungs; (inflation is an absolutely necessary part of the proceeding, as 
the non-distended lung gives naturally a tympanitic sound). 

d. The percussion-sound is frequently observed to be tympanitic in the 
supra- and infra-clavicular regions when the summits of the lungs become 
the seat of caseous pneumonic infiltration/ in such cases it is always some- 
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what muffled and does not change its pitch when the mouth is open or shut, 
— features by which it may be distinguished from the tympanitic sound 
of pulmonary cavity in the apices. It is produced only when the infiltrated 
tissue has not yet been completely deprived of air, or when small scattered 
patches of permeable tissue are still found between the portions which 
have become consolidated. Here also the tympanicity depends on the 
relaxation of the lung-substance and diminution of its air-contents. In- 
filtration of the apices specially favors the development of the tympanitic 
tone, as the chest-wall over these parts is thin and becomes still thinner 
as emaciation goes on. 

There is a special form of tympanicity which is observed in certaia 
cases of condensation of the lung, most markedly in the first and seoond 
intercostal spaces and usually on the left side; this is 



The Tbachjeal Resonance of Whxiahs. 

In percussing the trachea a tympanitic sound is obtained, which, like 
that given by pulmonary cavities, rises in pitch on opening the mouth and 
falls on shutting it, and which becomes still lower when the nostrils also 
are closed. This sound is lost at a point on the surface corresponding to 
the bifurcation of the trachea, being overpowered by that from the tissue 
which covers the principal bronchus. When, however, the upper lobe is 
completely consolidated this predominance of the ordinary pulmonary per- 
cussion-sound ceases, and the tympanitic sound from the column of air in 
the bronchus is appreciable on striking the front of the chest somewhat 
forcibly. The tone, like that furnished by excavations in direct commu- 
nication with the trachea, becomes higher in pitch and louder on opening 
the mouth, and considerably deeper on closing it. 

This tracheal resonance, therefore, is most usually observed when the 
upper lobe of the left lung is completely solidified by pneumonic infiUrO' 
tioUy and occasionally also when this takes place from other causes, — 
when, for example, the lung remains in a state of collapse after the ab- 
sorption of pleuritic exudation, and in those rare instances of encysted 
pleuritic exudation situated at the upper and anterior part of the left 
side of the chest; it is met with also in some cases of pleurisy in which 
the effusion is not confined by adhesions, when the quantity of fluid is 
not so great as to separate the lung too much from the front of the chest. 
The ribs, being somewhat flexible toward their sternal ends, yield to the 
force of the percussion-stroke, and in that way favor the production of 
the sound, whilst at the corresponding part of the posterior surface of 
the thorax this sign may be entirely wanting, owing to the greater thick- 
ness of the layer of muscles and to the rigidity of the chest-wall in that 
region. That this tracheal resonance is found almost exclusively on the 
left side is probably due to the greater length of the principal bronchus 
on that side. 

Skoda regards the tracheal resonance of Williams as identical with 
the tympanitic sound of the retracted lung in pleurisy; this view, how- 
ever, is opposed by the facts that it is audible in complete hepatization 
of the upper lobe, where no retraction exists, and that the pitch of the 
sound is subject to the usual variations on opening and closing the 
mouth, which is not the case with the true '* bruit scodique." 
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To these three qualities of the peroussion-sound Skoda added a fourth, 
fidnesa and scantiness of the sound. These terms are still frequently 
used by scientific writers and are generally considered as synonymous 
with loudness and dulness, though Skoda gave to them quite another 
signification. He intended them to bear reference to the size of the 
vibrating body, as is indicated by his citing, as an illustration of his mean- 
ingy the difference in the sounds given by bells of different sizes : he says, 
*^ the faintest sound from a large bell, or the loudest ringing of a small 
one, conveys to us at once 'the idea of the size of the bell in vibration, — 
the former sounds /u/7, the latter scanty. ^^ 

This fourth quality, which is still defended by Skoda, is now, on 
physical grounds, almost universally rejected. The following are the 
principal objections urged against it by various authors (Mazonn, Schweig- 
ger, Wintrich, &c.): — that which in music is designated as fulness coin- 
cides sometimes with the intensity^ sometimes with the pitchy of a sound; 
the sound of a large bell is invariably deeper than that of a small one, and 
is louder also even when both are struck with equal force. This difference 
does not depend on the volume of the resonant chamber, but on the 
material of which its walls are composed; a small violin may yield a fuller 
sound than a large one. Similarly in the human voice difference in so- 
norousness does not arise from difference in the size of the vocal cords. 
Even the examples quoted by Skoda in support of his theory regarding 
this quality of percussion -sound in the human chest and abdomen show 
ikisX fulness is identical with loudness and depth, scantiness with dulness 
and elevation of pitch. Thus, if an entire lobe of the lung be hepatized, 
with the exception of a small spot situated near the surface, this isolated 
and permeable patch of tissue gives, according to Skoda, a sound which 
is indeed clear, but which is also scanty, inasmuch as only a very small 
body of air is caused to vibrate, whilst the rest of the pulmonary sub- 
stance is incapable of entering into vibration; in the classification we 
adopt the percussion-sound in such a case is regarded as neither so loud 
nor so deep as that of the healthy lung, but as somewhat duller and higher 
in pitch. On the other hand, when tne air has free access to all parts of 
the lung with the exception of a small superficial patch, the sound obtained 
over this hepatized spot is, according to Skoda, somewhat duller but still 
moderately full, as only a very small portion of lung is rendered unsus- 
ceptible of vibration; in our terminology, however, such a sound is de- 
scribed as less intense (muffled) but still moderately deep. In the same 
way the full sound rendered by the stomach is considered loud and deep, 
and the scantier intestinal sound is spoken of as being higher and less 
intense. The opposite of the full sound, the typically " scanty " sound, 
is absolutely indistinguishable from the perfectly dull sound. As the 
fulness and scantiness of the percussion-sound are traced to the longer 
or shorter duration of the vibrations of the resonant body, the scantv 
sound has also been named the short or shorter sounds — a term which 
seems inappropriate, as its opposite, the longer sounds has never been ad- 
mitted into the nomenclature of percussion; muffled or obscured would 
be a more fitting term. 

Two qualities of sound occasionally met with still demand considera- 
tion, the cracked-f>ot sound and the amphoric or metallic resonanes. 
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Thb Csackjcd-pot Sound.* 

(Bruit de pot fd6). 

This is a hissing or rattling noise, which may be imitated in two ways: 
by percussing with the hammer and pleximeter, applying the latter some 
what loosely to the chest-wall, so that beneath it is left an interspace 
containing air, though in this case the sound produced is wanting in the 
tympanitic or metallic quality; and by laying the palms of the hands on 
each other crosswise, in such a way as to form a hollow chamber, and 
then striking the back of one of them against the knee. In the latter 
case the concussion produces a noise which is exactly like the chinking of 
money, a sound which well-marked bruit de pot fel6 simulates exceedingly 
closely. In both of the experiments above described the sound is caused 
by the sudden escape or discharge of air sul>jected to pressure. In health 
the cracked-pot sound may be elicited by percussing forcibly the chest of 
children when screaming, or that of adults when singing a long-sustained 
note, the air being thus suddenly compressed by the force of the percus- 
sion-stroke and made to rush out with a hissing sound. 

When the chest is plentifully covered by hair this sound is not unfre* 
quently heard, especially over the sternum; here it is caused by the pres- 
ence of a small quantity of air which lodges in the meshes of the crisp 
wiry hair which grows in this region, and by its sudden escape when the 
percussion-stroke is delivered. It disappears on moistening the parts, the 
nair then Ivinsr flat and close to the surface of the chest. 

The cracked-pot sound occurs in the following pathological condi- 
tions : 

1. When there are cavities of moderate size in the lung-substancej 
communicating freely with a bronchus of medium calibre, situated super- 
ficially and at parts over which the chest-wall is sufficiently yielding and 
the covering of soft tissues has been rendered thin by emaciation. It is 
heard almost exclusively at the upper part of the anterior aspect of the 
thorax, from the first to the fourth rib, more especially in the infraclavi- 
cular region, being more distinctly audible when percussion is practised 
during expiration, and most clearly when the patient ke^os his mouth 
widely ope?i. After repeated examination, or accidental closure of the 
bronchus leading to the cavity, the bruit disappears, to return as soon as 
the cavity is refilled with air or the superabundant secretion of mucus has 
been expelled by coughing. To produce this sound a firm blow is neces- 
sary, so that it IS better to use the hammer than the finger. — When con- 
nected with vomicae in the lungs the percussion-note is further always of 
tympanitic or metallic quality, which, indeed, is the element from which 
it derives its '* chinking " character; this tympanitic tone becomes inaudi- 
ble at the instant in which the hissing sound is produced by the rush of 
air from the relatively wide cavity into the relatively narrow bronchu% 
when the regular reflection of the sonorous waves, which is necessary to 
the formation of a tone, is interrupted. Should the cavern contain maoh 
fluid it also is agitated by the shock of percussion, and something resem- 
bling a rale is heard mingled with the cracked-pot sound. 

2. In some cases ot pleurisy, and at those parts of the lung, situated 

* Lffinneo was the first who emplojed this ezpresaion. Bass has more 
desoribed it as the pereuto-auscuitatory blamng-souncL 
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above the level of the fluid, to which the air still has access. The condi- 
tion of the pulmonarv vesicles, retracted and approximated to each other 
on account of the diminution of their air-contents, seemb here to favor 
the escape of the air on percussion. — ^The bruit de pot fSl6 sometimes ob- 
served in the vicinity oi pericardial exudation (Leichtenstern) originateip 
also in the retraction of the pulmonary substance compressed by the effu- 
sion. 

3. Occasionally in cases of pneumonia^ over those permeable and re- 
laxed parts of the lung immediately adjoining those which are hepatized. 
The cause of the phenomenon is here the same as in pleurisy. Some- 
times, however, it is heard also over the condensed portion; this, as in 
the case of a cavity containing air, can arise only from the sudden expul- 
sion of air from one of the larger bronchi leading to the affected part. — 
At other times both causes, relaxation of the lung-tissue and concussion 
of the air in the bronchi, are in operation in pneumonia (Lob). — In pleu- 
risy and pneumonia the cracked-pot sound does not become louder on 
opening the mouth. 

4. In cases of thoracic Jlstula^ such as those which sometimes occur 
after paracentesis thoracis. The air in the pleural sac escapes through 
the fistulous opening with a hissing noise on percussing in the immediate 
neighborhood of the orifice; when the latter is closed the cracked-pot 
sound is not developed. — ^The same explanation is applicable in some in- 
stances of pneumothorax from stabbing or gunshot wounds. — In certain 
rare cases of pneumothorax from internal causes, in which the pleural 
cavity is in direct communication with a large bronchial fistula (Oppolzer, 
Rollet), the bruit de pot fel^ may be heard. 

The cracked-pot sound is, as the foregoing facts indicate, always de- 
pendent on the same causes, though the particular conditions in which it 
18 found may be very different anatomically; it is most frequently due to 
the presence of vomicae in the upper lobes of the lungs, the cases of pleu- 
risy, pneumonia, and pneumothorax in which it is observed constituting 
a very small fraction of the total number met with. The occurrence of 
the sound, therefore, in the course of a pulmonary affection known to be 
phthisical, may be taken as absolute proof of the formation of cavity. 



Ahphobic Resonance. 
(Metallic percnssion-Botind, metallio echa) 

This sound is identical with that obtained on striking on the side of 
an empty cask, a pitcher, or large india-rubber ball, &c. 

On the whole, it most closely approaches in quality the tympanitic 
note, differing from it in being somewhat metallic in timbre, by being 
higher in pitch (its fundamental tone, which is variable, being also accom- 
panied by overtones, or segmental tones), and by being of longer duration. 
The ordinary tympanitic sound ceases at once after the percussion-stroke; 
this amphoric resonance (the metallic " klang"), however, lasts some time 
longer, as the higher overtones die away much more slowly. This modi- 
fication of the tympanitic sound by the addition of a metallic echo mav 
easily be studied in one's own person : the cheeks, when relaxed, the mouth 
being closed, give a sound which is simply tympanitic, when powerfully 
distended a sound of amphoric character. 

The examples cited above show that amphoric resonance is produced 
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in large air-filled cavemsj surrounded by smooth walls which reffulwly 
and uniformly reflect the waves of sound, completely enclosed on all sides 
or communicating with the external air by means of a narrow opening. 
Apart from the force of the percussion-stroke, the intensity of the sound 
depends chiefly on the size of the cavity; an audibly metallic note is ob- 
tainable only from a chamber whose transverse diameter is at least 3—4 
cmtr., as has been proved by Merbach and Leichtenstern in a series of ex- 
periments with cylindrical vessels having tense elastic walls. The pitch 
of the metallic tone in vomicae which are not spherical in shape varies 
with the length of the longest diameter; percussion in the direction of the 
shorter diameter gives a higher note, in the direction of the long diameter 
a lower note. 

In the thorax amphoric resonance is heard over large pulmonary cavi- 
ties, and in cases of accumulation of gas in the pleural sac. 

Excavations in the lungs must have a length of at least 6 cmtr. in the 
direction in which force is applied (Wintrich) to give rise to an amphoric 
sound, and even then it is heard only under certain conditions: the cas- 
ern must be quite superficial, bounded by walls of homogeneous structure, 
entire, not subdivided into smaller cavities by portions of lung-substance 
which may have escaped disintegration (bands of connective tissue, &c.), 
and must not contain too much fluid; it is further necessary that the tho- 
racic parietes be not over-resistant, otherwise the sonorous vibrations are 
much weakened in transmission through them. In phthisical cavities in 
the upper lobes, if the other conditions necessar}' to the development of 
amphoric resonance be present, the thoracic resistance is usuaUy also 
sufficiently diminished, as the chest is always considerably emaciated when 
the disease has reached this stage. — ^The sound is further increased in in- 
tensity by opening the mouth when the vomicae communicate freely with 
one of the larger bronchi. — In cavities of bronchiectatic origin the metallic 
echo is wanting, partly because the disease is not one which causes gen- 
eral wasting, partly because the spaces are seldom of the necessary size, 
but phiefly as the affection iis most common in the lower lobes, where the 
resistance of the posterior wall of the chest is undiminished. 

The metallic percussion-sound is heard with great distinctness mpneU' 
mothorax, as soon as the air confined in the pleura reaches a certain (not 
over-exaggerated) degree of tension.* Sometimes the sound is metallic 
from the very outset, at other times it is tympanitic and attended by a 
metallic echo. It is not always so loud as to be audible at a distance from 
the chest; this is particularly the case if the thorax be much distended, 
when its walls are tense and rigid. In such cases it is proper to combine 
auscultation with percussion, by striking the affected side of the chest 
with the pleximeter, or percussing on the latter with the hammer, while 
with the ear to the surface we listen for the sound so produced; should 
the metallic sound still be inappreciable it will be necessary to percuss 
on the pleximeter with a hard unelastic hodyy such as the handle of the 
hammer or a rod of metal. In this way the overtones are brought out 
with great clearness, and free from the tympanitic note which otherwise 
precedes the amphoric sound (Heubner). 

* If the tension of the air in the thorax be too great the metallic sound is abnenl; 
it retnriLB, however, after death, as the cooling of the air reduces it» tension. Similarij, 
on the dead body, a pre-existing amphonc sound maj be oansed to disappear by open- 
faig the abdomen and pushing the diaphragm upwards and so augmenting the praeraxe 
within the plenra (Traube), — provided that the gas has no avenne of escape, sack as a 
persistent polmonary fistula. 
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As pnenmothorax is always followed after a certain time by effusion 
of fiaid into the pleural cavity the region in which amphoric resonance 
may be elicited gradually decreases in extent, and, even though a suffi- 
cient volume of air remain above the effusion, the sound frequently dis- 
appears entirely, giving place to a tone of purely tympanitic character. 

On changing the posture of patients suffering from pyo-pneumothorax 
the percussion-sound undergoes modifications analogous to those de- 
scribed at p. 74; there is at the same time an alteration in the pitch of 
the amphoric sound (Biermer), it becomes higher on shortening, deeper 
on lengthening, the long diameter of pneumothoracic cavity. 

According to Biermer the amphoric sound is more acute when the 
patient is in the recumbent posture, as the fluid sinks to the back of the 
chest, and the diaphragm, freed from pressure, rises, so that the long 
diameter of the resonant chamber is shortened; whilst in the upright 
position the diaphragm is forced downwards by the weight of the effu- 
sion, the air-space is lengthened, and the tone becomes graver. It may 
happen, nevertheless, as was observed by Bjdmstrdm in three cases and 
by me in one, that the opposite effects may result from change of posture, 
— the space containing air may be shortened when the patient stands 
erect (from the extension upwards of the fluid) and lengthened when lie 
lies prostrate; in the former case the pitch of the sound rises, in the latter 
it falls. Next to the quantity of the effusion the resistance offered by 
the diaphragm to the downward pressure of the fluid exercises the most 
important influence in determining the pitch of the sound, as it is to it 
that the greater or less degree of displacement of that structure in sitting 
and lying is due. — In inspiration also the descent of the diaphragm in- 
creases the length of the air-fllled cavity, and renders the pitch of the 
amphoric sound lower than in expiration (Bj5rnstrom) ; Biermer states, 
however, that inspiration may raise the pitcn of the sound. 

In a few instances, as in certain oases of pneumonia (Skoda), a ring- 
ing metallic sound, supposed to be caused by an unusually rapid, severe, 
and extensive relaxation of the lung-substance, has been detected, appar- 
ently unconnected with the presence of cavities in the lungs. This ex- 
planation can scarcely be said to be satisfactory, as it is exactly in these 
circumstances that the tympanitic percussion-sound is developed in pneu- 
monia. 

TOPOGBAPUICAL PeECUSSION. 

The formation of an opinion regarding pathological alterations of the 
percussion-sound is impossible without a knowledge of the normal pul- 
monary sound, of the boundaries of the areas over which it is audible, 
and of the physiological differences in its intensity and pitch at various 
points on the surface of the thorax. In the practice of percussion, there- 
fore, the study of the normal sound must precede that of its pathological 
modifications; but the didactic representation of the results of topograph- 
ical percussion, on the contrary, can be properly understood only after 
the causes and diagnostic significance of the different qualities of per- 
cussion-sound and its pathological alterations have been discussed. — Be- 
sides the ordinary anatomical descriptive terms, such as supra- and infra- 
clavicular, supra- and infra-spinous regions, &c., the ribs and intercostal 
spaces, the sternum and vertebral column are all made available in topo- 
graphical nomenclature. The numbering of the ribs starts at the first, — 
when it cannot be distinctly felt, at the second, the sternal insertion of 

6 
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vbich stands ont prominently. The number of any of tbe lower ribs is 
best detenniDed by counting from below upwards, tbe twelfth bdng 
Always easily made out. — As aids to more exact topographical description 
the anterior, lateral, and posterior surfaces of each side of the thoru 
are divided by vertical Hues drawn at nearly equal distances from eaii 
other; the median line passes vertically through the middle of theil ~ 
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nuRi, the sternal line parallel with it at the edge of the bone, the mam- 
miliary line through the nipple, the parnsternal line midway between the 
two last-mentioned lines, the middle axillary line through the middle of 
the asilla (in front of and behind this being the anf^rior and potUrior 

I axillary- lines), the scapular line perpendicularly through the inferior % 
of the shoulder-blade, 
cmti 
side 
inne 



TTie upper limit. The lungs on both sides rise anteriorly 3 to 5 
cmtr. above the clavicles, occupying there a triangular space the outer 
aide of which is formed by the free edge of the trapezius muscle, the 
inner by the clavicular portion of the stern omastoid, the base by the 
clavicle. Posteriorly the apex of tbe lung occupies an area bounded «- 
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b. The anterior {i 
margins of the lungB. 
These, passing down- 
wards frnin tho apices. 
approach each other and 
meet behind the ster- 
num a.t the level of the 
second 

in apposition, separated 
only by the anterior 
mediastinum, as far as 
the level of the fourtli 
rib; beyond that point 
they diverge, tlie left, 
after turning abruptly 
outwards, inclines again 
slightly towards the 
sternum behind the oar- 

of tiie fiftli rib, 
, opposite the 
dixtb costal cartilage, in 
the left lower margin; 
the right runs perjien- 
dicuUrly behind the 
sternum from the level 
of the fourth rib to the 
sixth costal cartilage, 
where it joins the infi;- 
rior border at almost a 
right ingle. 

c. l%e inferior limit 
is formed by the lower 
borders of the lunga. 
Wben the diaphragm is 
in a moderate state of 
contraction, as during 
quiet respiration, the in- 
ferior margin of the 
riglU lung is found at 
the upper edge of the 
sixth rib in the para- 
sternal and mamniillary 
lines, at the upper edge 
of the eighth rib in the 
axillary line, at the 
ninth rib in the scapu- 
lar line, and at the tenth 
rib close to the vertebral 
column. The lower 
gin of the l^ lung 
situated at the 
border of the sixth rib 



e, inferiorly by the splue of the scapula, 
spinous process of the seventh cervical vertebrfe. 

■) limit follows the lino of the anterior i 




^ 



^ 




the eighth rib or in the eighth intercostal space in the axillary line, tt 
the niDth rib in the scapular line, and at the tenth rib close to the ver- 
tebrsl column. — In aged persons the pulmonary boundaries are about & 
rib's breadth deeper, in children about the same distance higher. 

The lungs, when expanded in ioBpiration, pass over these limits, espe- 
cially inferiorly and anteriorly, least of all in the upward direction. In 
ordinary circumstances, 'when respiration is slow and tranquil, any exten- 
non of the boundaries ol the lung which may take place is but trifling, 
almost imperceptible, the displacement at the right lower border, in the 
inamniillary line, amounting only to about 1 cintr. When inspiration is 
forced, on the other hand, the lower edge of the risht lung may sink tn 
the extent of 3 cmtr. in the parasternal and niammillary lines, or even as 
much as 4 cmtr. in the axillary line; the ascent of the upper part of the 
lung varies from ^ cmtr. when breathing is quiet to 1^ cmtr. on making a 
full inspiration. Change of posture also gives rise to some displacement 
of the margin of the lung; on turning from the back to the side while in 
the recumbent jjosition, the lung which is uppermost descends usually 
about 3 cmtr. in the uxillary line, and about 'i cmlr. in the mammillary 
line. 

For diagnostic purposes it is of the greatest importance to define ac- 
curately, by means of percussion, the lower border of the right lung, in- 
asmuch as if it be shown that it docs not go beyond its normal limits the 
possibility of the existence of one of the most common lung diseases, vesi- 
cular emphysema, is excluded. This, fortunately, is easily accomplished, 
as the lung, anteriorly and laterally, is separated from the liver merely by 
the thickness of the diaphragm, so that a marked difference between the 
clear pulmonary sound and the dull hepatic sound is at once perceived. 
The line of demarcation of the lower margin of the right lung is thus 
identical with that of the upper edge of the liver. 

The delimitation of the right lung inferiorly affords an excellent op- 
portunity of studying the gradual transition of the percussion-sound from 
perfect resonance to absolute dulness. In the first place, during quiet 
respiration or, still better, after forced expiration, the upper boundary of 
the absolutely dull hepatio area in the mammillary tine should be de6ned 
and marked on the skin with black dermographic crayon {crayon litho- 
graphique), when it will usually be found to coincide with the lower edge 
of the sixth rib. In the same way the lowest point at which the pulmo- 
nary-sound is still perfectly clear, which is generally about the level of the 
fifth rib, is to be ascertained and shown on the surface. The region lying 
between these two points is about an inch in depth, and constitutes the 
zone of transition from resonance to dulness; in it the percussion-note is 
somewhat muffled or obscured. If this part be further examined by per- 
cussing with one finger on the other the definite boundary line between 
lung and liver is found, as a rule, at the upper edge of the sixth rib. 
The same method of procedure is adopted in delimiting the lung in llie 
parasternal and axillary lines. The extreme accuracy and trustworthi* 
ness of the results so obtained have frequently been shown on the dead 
body, by inserting long needles into the tissues along the lines indicated 
by phj^aical examination. 

It is of importance from a diagnostic point of view also to ascertain 
the mobility of the lower border of the lungs. As in full inspiration the 
lung stretches downward to a point 2 to 3 ctmr. lower than in expiration, 
the upper part of the area which in the latter condition gives a dull liver- 
sound, la in the former case perfectly clear and resonant; this changa. 
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when present, proves the complete mobility of the lung. When this ris- 
ing and falling movement of the margin of the lungs is wanting, as in 
oases in which the visceral and costal pleurae are extensively adherent, 
the percussion-sound of the region in question remains unaltered in both 
phases of respiration. In severe cases of pulmonary emphysema, also, 
the edge of the lung is nearly or quite motionless in inspiration; here, 
therefore, percussion reveals to us the fact that the alveoli of the lower 
part of the lung are no longer elastic, but have lost their capability of 
expansion. 

To determine the upper margin of the lung, the highest point at which 
the clear pulmonary percussion -sound is appreciable should be noted dur- 
ing expiration; if the apex of the lung be expansible the clear area ex- 
tends upwards during inspiration, but if, as so frequently happens, it be 
the seat of cheesy degeneration, the clear percussion -area is lower in point 
of position even during expiration (Seitz) and rises but slightly or not at 
aU during inspiration. The difference in the extent of the movement at 
the apices on the healthy and the affected sides, measured with Haenisch's 
stethograph, varies from ^ to a little over \ ctmr. If the percussion-sound 
be absolutely dull, the apex beine completely consolidated and void of 
air, inspiration does not make it clearer. When the apex of one lung is 
affected, however, the range of movement possible on the healthy side is 
also generally somewhat restricted. 

The movements of the anterior imier borders of the lungs may be 
traced by the percussion-sound becoming louder (clearer) over the sternum 
and in the cardiac region during inspiration. In deep inspiration the 
edges of the lungs creep forward, so that the greater part of the heart is 
covered and the cardiac dulness almost entirely masked. 

When the anterior border of the left lung is pathologically distended 
(by emphysema) the cardiac dulness is diminished in area or completely 
obliterated, and the sound over the heart is loud and clear; if, on the 
other hand, it be adherent to the costal pleura, incapable of expansion or 
forward movement, the area of cardiac dulness is unaltered either in in- 
spiration or expiration. When this part of the left lung atrophies it re- 
treats, the base of the heart comes to a large extent into contact with the 
chest-wall, the pulsation of the heart is seen and felt as far upwards as the 
third or fourth intercostal space, and the region of cardiac dulness is en- 
larged. The mobility of the anterior margin of the right lung is recog- 
nized by the greater clearness of the sternal percussion-sound in inspira- 
tion. 

The movements of the posterior tipper and lower borders of the lungs, 
also, are well-marked and easily made out by the extension of the clear 
percussion -sound during inspiration. 

Pathologically the posterior tipper margins of the lungs recede in con- 
traction of the apices, while the posterior lower borders extend downwards 
to the eleventh or twelfth rib in pulmonary emphysema. 

The position of the lobes of the lungs, with relation to the thoracic 
wall, is as follows: — 

HigJU lung (three lobes). — ^The tipper lobe reaches downwards on the 
front of the chest to the fourth or fifth rib, laterally to the fourth rib, pos- 
teriorly to the spine of the scapula; the lotoer lobe lies between the spine 
of the scapula and the tenth rib posteriorly, and laterally between the 
sixth and the eighth ribs. Between the upper and lower lobes comes the 
tniddle lobe, which laterally occupies the space included between the 
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fourth and sixth ribs, and anteriorly extends to the lower margin of the 
lung. 

Left lung (two lobes). — The upper lobe comes down on the front of 
the chest to the sixth rib in the mammillary line (to the inside of which 
point lies the heart), and laterally to the fourth rib; below this, and reach- 
mg to the base in front and from the spine of the scapula to the base be- 
hind, is the lofif^er lobe. 



2. Regional Percussion. 

On the rigfit side of the chest in fronty from the apex to the fifth in- 
tercostal space, the percussion-sound is loud (clear), deep, and non-tym- 
panitic; resonance is greatest from the clavicle to the fourth rib, — the 
clavicle itself giving a note scarcely less clear than that of the supra-clavi- 
cular region, — ^and least at the apex (on account of the smallness in vol- 
ume of the subjacent portion of lung) and in the fifth intercostal space 
(owing to the thinning of the lung at this point and its proximity to the 
liver). From the sixth rib to the margin of the thorax tne sound is ab- 
solutely dull; but about the lower edge of the liver, more particularly in 
children, the intestines give to the percussion-sound a more or less dis- 
tinctly tympanitic quality. 

In the neighborhood of the sternal insertions of the first two ribs on 
both sides, most often on the right side, the percussion-note is usually 
less clear than (for example) in the infra-clavicular region. This is caused 
by the thinness of the lung towards the border, the volume of air thrown 
into vibration being small. 

On the steniuin the sound is clear, deep, and non-tympanitio. On the 
manubrium sterni it is somewhat less clear than on the body of the bone, 
but is nevertheless nearly as clear as that obtained at the apices. That 
the manubrium sterni should be resonant to percussion though there is 
no portion of the lung-tissue behind it, but only the trachea, the oesopha- 
gus, the blood-vessels, etc., admits of explanation only on the supposition 
that its power of entering into vibration is such that the movements ex- 
cited in it by the blow are at once transferred to the neighboring lung- 
tissue. This is what occurs also at the lower part of the sternum — 
though here and over the xiphoid cartilage the sound is less loud and 
clear, owing to the proximity of the right ventricle of the heart and of the 
lobe of the liver. 

The sternum may be rendered less vibratile if during the examination 
an assistant press firmly with both hands on the sides of the thorax near 
the sternum (Mazonn), when the sound over those parts of the bone be- 
hind which no part of the lung is situated, becomes decidedly duller. 

The percussion -sound is clear on the left side in fronty from the apex 
of the lung to the upper edge of the fourth rib, and dull from the fourth 
rib downwards through the cardiac region to the point at which the apex- 
beat of the heart is perceptible (the fifth intercostal space). On the sixth 
rib we have the first trace of the tympanitic stomach-sound, which, lower 
down, about the margin of the thorax, passes into that of the colon. At 
the base of the left side of the chest, lying along the anterior lower bor- 
der of the ribs, is a certain region in all parts of which the percussion- 
sound is tympanitic; it reaches posteriorly to the ninth or tenth rib, is 
about 8 or 9 ctmr. in breadth at its broadest part and somewhat crescen- 
tic in general conformation (Traube). This space is encroached upon by 
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the lung at each inspiration, when its upper part yields the clear pulmo- 
nary sound; and, similarly, it becomes smaller in all pathological condi* 
tions (pulmonary emphysema, for example) involving downward displace- 
ment of the diaphragm and stomach, and is enlarged in those conditions 
(atrophy of the left lung, for instance) in which the diaphragm is drawn 
upwards. It is reduced in size also in cases of effusion into the left 
pleura, when the fluid is so abundant as to occupy the front of the cavity, 
the pressure from above pushing the diaphragm, and with it the stomach, 
downwards; the semilunar shape is then completely lost, and the area 
formerly resonant is now dull to percussion. The beginning of the pro- 
cess of absorption of the fluid is often announced by the return of an ob- 
scurely tympanitic percussion-sound in the region described. 

On the posterior surface of the chest the pulmonary percussion-sound 
is heard on both sides as far down as the tenth or eleventh rib; it is less 
clear than in front, owing to the ample development of the dorsal muscles 
and the greater resistance offered by the ribs. The sound is least clear in 
the supra- and infra-spinous regions and at the lower part of the thorax. 
Bending of the body to one or other side, asymmetry of the shoulders, 
and frequently the fuller development of the muscles on the right side of 
the back, give rise to physiological differences in the percussion-note; 
these, however, may usuaUy be eliminated by directing the patient to as- 
sume such a position that the parts on each side are brought into the 
same condition during examination, particularly by making him cross 
the arms in front and stoop a little forward ; in this position the posterior 
surface of the chest is alike on both sides and the muscles in an equal 
state of tension. 

On the right lateral surface the sound is loud and clear down to the 
eighth rib, at which point the liver- dulness begins. On the left lateral 
surface the pulmonary sound may be elicited as far d6wnwards as the 
ninth rib; between the ninth and eleventh ribs the percussion-note is ren- 
dered dull by the spleen, while at the eleventh rib the tympanitic sound 
of the colon is first detected. 



The Sense of Resistance Accompanying Percussion. 

The more solid the consistence of any body the greater is the sense of 
resistance experienced by the finders in pressing or percussing upon it; it 
is from this cause that in ascendmg a stone stair the resistance perceived 
by the soles of the feet is greater than in ascending one constructed of 
wood. Hard bodies, such as wood or stone, offer very considerable resist- 
ance to percussion, soft bodies, such as cotton- wool, feathers, etc., almost 
none. Similar differences are observable, in percussing the organs re- 
moved from the thorax and abdomen, between the resistance of a com- 
pressible, permeable lung and that of a firm, hepatized lung or any other 
solid body (liver, heart, spleen, &c.). But this sensation depends not 
only on the consistence but also on the thickness of the solid body; thus, 
the thin spleen, removed from the abdominal cavity, is considerably less 
resistant than the thick liver, while the relatively thin left lobe of the 
liver gives this feeling to a much less intense degree than the right. The 
existence of these yaried degrees of resistance may also be demonstrated 
on the body by simply percussing the lungs, liver, spleen, breast, &c., 
though the differences will be found to be hardly so well marked as when 
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^^H examining the organs outside the body, as the reustanoe of the thoraoio 
^^^B yraXls has to be taken into account. 

^^H The resistance of the lungs may be increaeed or diminished^ the for- 

^^^B mer is an exceedingly common condition, the latter somewhat rare, 
^^^E Tnerease of the sense of resistance at various points occurs, even 

^^^P though the lungs be normal, from the presence of certain obstacles which 
^^^ the structure of the thorax and the soft parts offer to the proper per- 
formance of percussion. Amongst those unfavorable conditions are ex- 
cessive development of the bones forming the framework of the cheat, 
narrowness of the intercostal spaces, unusual convexity of the ribs, aiid 
the presence of a large deposit of fat (especially in and around the female 
mamma). 

The principal pathological change which gives rise to increased resist- 

Pance in the lung is impermeability of its tissue to air, whether produced 
by infiltration, atrophy, or compression (by fluid or tumors in the pleural 
aac); it is thus usually traceable to the same causes which are known to 
render the peruusai on- sound dull. Hence increased resistance aud a dull 
percussion-sound are always found associated, and point to the same con- 
clusion — t/iat t/te subjacent media are, partially or leholii/ deprived of tlteir 
eapahility of entering into vibratioit. 

Other things being equal, the feeling of resistance increases progres- 
sively with, though not proportionately to, the diminution in the air- 
contents of the lung; the completely air-less liepatiKcd lung is thus much 
more resistant than that which is .'solidified (but less completely) from 
other causes; large pleuritic effusion offers still greater resistance than 

■ even a consolidated lung, while in cases of tumor Ju the pleura this symp- 
tom is usually present in its most intense form. 
This augmentation of the sense of resistance is a very valuable sign. 
When, aa is frequently the case, the ear fails to distinguish between the 
Aner shades of difference in sound which mark the transition from air- 
containing to solid media the sense of touch fully compensates for this 
deficiency. For obvious reasons (though exactly the contrary has been 
maintained by many authors), percussion with tbo unaided fingers, or 
with the finger and pleximeter, is much better adapted to secure the cor- 
rect appreciation of this sensation than the ordinary system of percussion 
with toe hammer. Even in the healthy subject one may convince himself 
of this by comparing the impression communicated to the finger on strik- 
ing over the lung and over the liver; it is found that the less palpable 
degrees of difference entirely escape notice in examining with the ham- 

Diminution of resistance is rare, though it is sometimes observed in 
very aggravated oases of pulmonary emphysema and pneumothorax. In 
emphysema it is probably due to widening of the intercostal spaces; in 
such a case, however, this sign, apart from its insignificance from a diag- 
nostic point of view, is oE little specific value, as the affection, being usu- 
ally bilateral, affords no opportunity for comparative examiQation, — In 
pneumothorax it arises from the facts that only the air within the pleura 
IS thrown into vibration, and that air is a much more yielding medium 
than tho substance of the lung. — In percussing the chest in pneumo- 
thorax a peculiar sensation, very difficult to define, but giving the idea of 
taidvlation, is frequently perceived by the finger. This is noticed only in 
upper part of the affected side of the chest, the part filled with air, 
towards the bases of the lungs, where the fluid accumulates when the 
running its usual course, assumes the form of p}-©- pneumothorax. 
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At the latter part, at the base of the chest, the Feeiing of resistance is 
augmented. 

Piorry was the first to draw attention to the increased sense of resis- 
tance n'hich invariably accompanies the dull percussion-sound. As the 
various organs of the body (liver, spleeu, heart, for instance) differ con- 
siderably in oonsistence and size, and ao offer very different degrees of 
resistance to percussion, these tactile phenomena were at one time re- 
garded as strictly analogous to the acoustic properties of the percussion- 
sound; in this way a nomenclature sprang up, in which sounds peculiar 
to the heart, liver, spleen, &o., were spoken of — terms which have long 
been abandoned, as they are quite unsupported by physical science. 



PUONOMETBT. 



UifmcB this name Buns has described a new method of investigating 
the condition of the thoracic and abdominal organs. It consists in plac- 
ing a vibrating tiining-Jork on the surface of the chest or abdomen and 
determining, by the intensity or the Jieitlenest o/ Ifm tone it gives, whether 
the subjacent organs do or do not vibrate limvitmujiuslij, that is, whether 
they are permeabk. or impermeable to air. The problem 
proposed to be solved by phonometry is thus the same as 
that to which percussion is directed. — As regards the man- 
ner of conducting this method of examination, the fork 
(sounding A or a somewhat deeper note) is struck with a 
moderate amount of force and, while still vibrating, is set 
perpendicularly, handle downwards, on the thorax, and 
ullowed to remain there a few seconds; it may be applied 
directly to the skin, or through the medium of the plex- 
imeter. In going over the chest in this way each time the 
tuning-fork is placed on the surface it must be again made 
to vibrate by striking it anew, and in order that the re- 
sults so gained may be of any value this must always be 
done with as nearly as possible the same amount of force. 
As in percussion, so in phonometry, it is obvious that much 
practice is necessary to enable the examiner to strike in ex- 
actly the same way many times successively and to appre- 
ciate clearly the differences in the intensity of the sounds 
obtained. On applying this mode of exploration to the 
normal chest the sound oftlte tuntng-fork is /ound to bt 
loud and strong at uU points within the pidmonar^ botm- 
dariai, but weak over organs of dense conaistetice, especially 
the liver; the ear also appreciates these variations in inten- 
sity almost as readily as those of the percussion-sound. A 
thorough investigation of this subject has satisfied me that 
it is impossible to place phonometry on the same level with "Jun'njirj^^'' 
percussion as regards delicacy and certainty in the delimita- 
tion of air-containing and dense organs, either In health or disease; I inva- 
riably found the figure obtained by phonometry, representing the dimen- 
sions of the liver, heart, or spleen, considerably smaller than that furnished 
by percussion of these organs, and the comparative examination, by both 
methods, of cases of condensation of the lungs (from phthisis) of all degrees 
of intensity, pulmonary cavern, pneumonia, pleuritic exudation, enipliyse- 
nof the lungs, dilatation of the right heart, tumors of the liver, ascites, &c.. 
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gave the same general result. — It is, f urther, of the nature of phooometry 
that it indicates only the condition of the organs with respect to absence or 
presence of air, or diminution in the quantity of air they should normally 
contain — exactly the purpose which is served by the clear, dull, or muf- 
fled sound of percussion; but it gives no information regarding those 
physical changes whose existence we infer from alteration in the pitch of 
the percussion-note, from the presence of the tympanitic sound, from 
variation in the pitch of the sound on opening or closing the mouth, from 
the bruit de pot fel6 and the amphoric resonance. The increased sense 
of resistance, by which dense organs may at once be detected on percus- 
sion, is perceptible to but a very slight degree in the phonometric method. 
— I consider phonometry badly adapted for the examination of the 
abdomen, except, perhaps, in the delimitation of the liver and spleen. 
There is almost no difference between the phonometric sound of the 
thorax and that of the abdomen, though the percussion-notes of these 
parts are so exceedingly unlike and characteristic; while even the most 
pronounced pathological changes in the abdomen, — very abundant ascites, 
for instance — announce themselves very much less distinctly by phono- 
metry than by percussion. Finally, a phonometric examination of the 
whole thorax, as may be inferred from the description of it already given, 
cannot be made in a shorter time than a period at least three times as 
long as that required for examination by percussion. For all these rear 
sons phonometry — however interesting it may be scientifically^ and how- 
ever certain it may be that in the hands of those skilled in its use it may 
suffice for the recognition of very fine shades of difference in resonance — 
has hitherto found little favor with practical physicians as a means of 
physical diagnosis. 



AUSCULTATION OF THE LUNGS. 

EbsTORiCAL Note. 

The knowledge of at least some of the phenomena of auscultation, 
more particularly of the sign known as JERppocratic succuasiany* observed 
in pyo-pneumothorax, dates from the time of Hippocrates. That Hippo- 
orates was also acquainted with the frictionf -sound of pleurisy and many 
of the catarrhal sounds seems equally unquestionable, not merely from the 
description of these given in his works, but also from his account of the 
diseases in which they were heard. 

His observations, however, seem soon to have been entirely forgotten, 
as there are only a few scattered and obscure references to auscultation, 
but no precise enumeration of signs, in the works of certain of the ancient 
writers who came after him. 

The real discoverer of auscultation, and of almost all its phenomena in 
the domain of the respiratory and circulatory organs, islxje?ifiec (born 1781, 
died 1826). The discovery was made in the year 1816, the first stethoscope 
which Liennec used, to enable him to hear better the beat of the heart in 
a case of cardiac disease, being a roll of paper. Three years' further study 
and observation in the H6pital Necker made him acquainted with nearly 
all the auscultatory signs, the result of his labors being first given to the 
world in 1819, in a work entitled " Traite de P Auscultation mediate et des 
maladies des poumons et du coeur." Skoda has submitted Lasnnec's teach- 
ing to a most searching criticism, and, by tracing each of the auscultatory 
phenomena to its physical cause, has worked as great a reformation in this 
department of physical diagnosis as in the science of percussion. He has 
not only simplified matters by setting aside many of the points which found 
a place in Lsennec's system, but has also established, on physical princi- 
ples, a classification of the phenomena of auscultation wnich has found 
universal acceptance up to the present time. 

Our knowledge of the signs revealed by auscultation has received cer- 
tain not unimportant additions since the time of Ixennec; amongst these 
should be mentioned the sound of pleuritic friction (Raynaud, 1829), that 

hif rmy wXwptw rh xdBos ^^o^hj. (Another holds the hands of the patient, whilst thou, 
shaking him by the shoulders, listenest from which side the sound proceeds.) 

f rpi{u rh TvcD/M oUv /Acur^Aijy (the respiratory sound is attended 

by a creaking, as of leather. ) 

Another passage, relative to the presence of fluid in the chest, is to the following 
effect : — roirtf fty yvoiris, Sri ov irOor, itkkh 2^p iarl^ ictd fl¥ iroAA^i^ XP^^^^ wpoa4x»>^ rh ods 
iucovd(ij wphs rk wkwpk, iirrXv fffC90w oXor ^<$^s. (Hereby mayest thou know that the fluid 
is water, not pas, — by holding thine ear to the side and listening, when it is as if a sound 
came from within.) 

Catarrhal sounds also are repeatedly mentioned by Hippocrates. A very complete 
collection of the passages in which he treats of the above subjects and of physical diag- 
nosis generally, has been made and published by Kiiohenmeister. 
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of pericardial friction (Collin, 1831), and the proper interpretation of the 
sounds heard over the vessels, and of many other facts connected with the 
auscultation of the heart and abdomen. (See the chapters in which these 
points are discussed.) 



Methods of Auscultation. 

Of these there are two, immediate and mediate; in the former the ear 
is applied directly to the chest, in the latter the stethoscope is interposed. 

1. Immediate auscultation has these advantages, that the sounds gen- 
erated within the respiratory apparatus are heard more loudly with the 
unaided ear than through tne stethoscope, and that a larger area osn be 
examined at a time; when it is necessary, therefore, that the chest should 
be gone over rapidly, especially its posterior surface (as in very exhaust- 
ing diseases, in which the patient is unable to sit up any length of time), 
immediate auscultation is to be preferred. 

It has many drawbacks, however; not only is it, from the form of the 
thorax, attended by great inconvenience botn to the patient and to the 
examiner, but it also involves many sources of error. It is frequently t 
matter of considerable difficulty, sometimes it is even impossible, to apply 
the ear accurately to certain parts the exploration of which is of the ut- 
most importance, — the supraclavicular regions, for instance, especially 
when, as is so commonly the case, they are hollowed out by emaciation. 
In the supraspinous regions also this method is usually equally inapplica- 
able. 

The practice of immediate auscultation is, further, always associated 
with certain circumstances which are very apt to mislead. Tnus, the rub- 
bing of the hair in the neighborhood of the ear on the surface of the tho- 
rax in inspiration, and to a certain extent also in expiration, may give rise 
to artificial sounds which, as they closely simulate the so-called crepitant 
niles, sometimes prove very deceptive. And in those cases in which ab- 
normal sounds are strictly limited in distribution, or in which the sounds 
vary greatly in character within a small area, immediate auscultation is 
obviously an untrustworthy method of examination. 

Auscultation is best practised on the exposed skin. When female 
delicacy absolutely forbids this, — which comparatively seldom happens, 
most of the laity being fully aware of the great importance of ausculta- 
tion, — the parts may remain covered by the chemise ; and although in 
such circumstances perplexing friction-sounds are usually mingled with 
the proper respiratory murmur, the practised auscultator soon learns to 
recognize these and to distinguish them from the sounds really origina- 
ting in the organs of respiration. A skilful examiner is able also to ap- 
preciate, through the clothes, both the normal and the abnormal respir- 
atory sounds. No one will, of course, rest completely satisfied with such 
a superficial examination, more particularly when the disease is in its 
oarlior stages and when it is desired to determine exactly its extent and 
nature. 

2. Mediate auscultation, by means of the stethoscope. The various 
forms of stethoscope, though there are a great many in general use, are 
widely known and need little description. In the most useful form of in- 
strument the ear-plate is somewhat concave and fits closely to the exter- 
nal ear, so as to facilitate the free and unobstructed entrance of the 
waves of sound. This condition is still more completely fulfilled when 
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the stethoscope is furnished, not with an ear-plate, but with a small 
conical plug which is introduced into the auditoiy meatus ; the flexible 
stethoscope, the auricular and thoracic ends of which are connected by 
a tube of india-rubber, is constructed in this fashion. — ^All the aoonstio 
phenomena are heard much more distinctly through the binaural stetho- 
scope, — a simplification of that so much used in America, having one cup- 
shaped thoracic end from which proceed two flexible tubes, each provided 
with a small conical ear-piece to fit the meatus. But its great advantage, 
the exceeding clearness with which it conveys sound, is nullified by an 
objection which even long practice is not always able to overcome, name- 
ly, that the slightest movement of the tube or of the ear-pieoe in the ear 
excites loud accessory sounds. — ^This variety of stethoscope is obviously 
well suited for self-auscultation. 

In applying the ear to the stethoscope it is necessary to guard against 
pressing too firmly on the thorax, as this is decidedly unpleasant even to 
persons in good health, and is often positively painful to those suffering 
from any illness, especially if they are to any extent emaciated. In cases 
in which the acoustic phenomena are feeble and difficult to catch, the ear 
which is not employed in auscultating may be filled with cotton-wool, to 
exclude such sounds as would be likely to confuse those coming' from with- 
in ; a little experience, however, renders this unnecessary. — In ausculta- 
ting the lungs the examination should be begun at the apices and con- 
tinued regularly downwards towards the bases, the symmetrical spots on 
each side being compared with each other, though tnis latter part of the 
proceeding is not absolutely indispensable. — The sounds may be rendered 
more audible by causing the patient to breathe deeply, especially if the 
respiration be shallow. 

The objects aimed at in auscultating the lungs are: 

I. To obtain a knowledge of the sounds which accompany both of 
the respiratory acts. These fall naturally into three groups: 

a. Simple respiratory murmurs ; 

b. MdieSy produced during respiration, by the presence of fluid 
in the bronchi or in the substance of the lung ; 

0. Friction soundSy arising from the rubbing of the roughened 
pleural surfaces on each other. 

II. The auscultation of the cough and voice. 



Simple Respiratory Murmitrs. 

Strictly speakirj* this expression includes only those breath-sounds 
which may be heard over the thorax ; more generally, it comprehends 
also those which originate, during respiration, in the nose, mouth, and 
larynx. The sounds produced by the current of air in the nasal and buc- 
cal cavities (the mouth being open) and in the pharynx not unfrequently, 
especially if the breathing be hurried or irregular, become intermingled 
with and obscure the true respiratory phenomena, and as they possess the 
same blowing character as the laryngeal and bronchial sounds they often 
prove a source of great confusion to beginners. To eliminate the buccal 
sound the patient should be made to close the mouth and to breathe only 
through the nose ; with regard to the nasal and pharyngeal sounds it is 
necessary to be able to recognize them readily and to distinguish them 
from the pulmonary respiratory murmur, as they are sometimes audible 
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even over the whole of the ihorax. The laryngeal rounds do not compli- 
cate tbfl auscultation of the chest, as, if the laryngeal mucous tnembr&ne 
be oonnal and the passage of the current of air be unimpeded, they are 
quite inaudible over the thorax, except at certain parts, which are men- 
tioned in detail on p. 100. 

The simple respiratory sounds produced in the lungs, both in health 
and in pathological conditions, are divided by Skoda into three groups : 



w 



1. i'eirieular respiratory n 
%. Jironc/niU respiratory n 
3. fndeeerminate rfupiratory Murmur. 



Tub Vksicplab Respibatory Mubmdk. 



The characteristic features of this sound may be easily reproduced hy 
□early closing the lips and gently drawing a current of air inwards; there 
ia obtained in this way a sighing or slightly whiffing sound, which closely 
resembles that of vesioular respiration. The vesicular respiratory murmur 
owes its name to the circumstance that it is produced at the instant at 
which the air etiters the alveoli. That it is generated just at this stage of 
the respiratory act seems placed beyond doubt by the fact that the sound 
disappears in all cases in which the entrance of air into the vesicles is 
prevented (as when they are filled with fluid), oven though the bronchi, 
from the largest to the smallest, be perfectly free and pervious. With 
respect to the actual cause of the vesicular murmur no adequate explana- 
tion can be given. Whilst moat hold that it is no way connected with 
the bronchia) sound, some authors bave lately attempted to show that it 
is merely a modification of the sound originating in the larynx — that the 
sonorouH waves, in passing from that part into the relatively wide reso- 
nant chamber presented by the lungs, travel more slowly, are reduced in 
force and intensity, and lose the timbre and other properties they pos- 
sessed white still in the larynx (Baas). It is undoubtedly the case that 
the laryngeal sound suffers considerable alteration in transmission through 
perroeable, air-containing lung tissue. If, for example, a piece of the 
lung of some animal be inflated (but not too much ) and laid on the larynx 
the characteristic laryngeal sound is oo longer heard through it, but a 
sound which, in proportion to the thickness of the portion of lung used, 
is less tubular in quality and less clear in tone, and which may even pos- 
sess all the properties of the ordinary normal vesicular murmur (Penzoldt); 
but if a piece of Uoer be substituted for lung the laryngeal sound is heard 
through it quite unchanged. Possibly the sound of vesicular respiration 
noticed in the experiment described may have had its origin not merely 
in the propagation of the laryngeal sound through other resonant spaces, 
but also in the simultaneous vibration of the inflated and tense lung-sub- 
stance (see below 1. 

The various tneories regarding the cause of the vesicular respiratory 
iDunnur are the following : 

According to Licnnec, Skoda, and others, it arises from the friction of 
the air against the walls of the alveoli while the latter are being dilated; 
the results of experimental investigation, however, tell against this view 
as the inflation even of large chambers (large caoutchouc balloons, for in- 
stance) is accomplished noiselessly. If the ultimate ramifications of the 
bronobi be represented by a piece of Indian cane (which consists of ex- 
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tremely fine tubules of equal diameter), and to tbis a. thin clastic bUddat 
be attached, it is found that on blowing through the cane and distending 
tbe bladder no sound is produceii. Others ascribe the vesioular raunnur 
to vibration of the air as it enters the alveoli; the condition neceasarv lo 
the occurrence of this " oscillation " of the current of air Chauveau, Son- 
det, P. Niemever, etc., professed to find in a constriction of the most mi- 
nute bronchiofes which takes place at the point at which they open into 
tho funnel-shaped infundibuia ; they thus held that the vesicular murraur 
is made up of numberless stenosis-murmurs. Talma adduces certain ex- 
periments in which a current of air was forced through india-rubber tubei, 
in support of the hypothesis that the vesicular murmur is caused by tbe 
" friction of small bodies of air on each other." Over the middle of these 
tubes the bruit heard is continuous, while on contracting the orifice of en- 
trance the sound becomes weaker at tho middle of the tubes, but stronger 
at the constricted point; from these facts he infers that the sound heard 
at the centre originates at that part (from friction of the particles of air 
on each other) and is not transmitted to it from the orifice. Baas, in op- 
position to those who look upon the vesicular murmur as an independent 
phenomenon, unconnected with the other respiratory sounds, holds that 
the tracheal sound is the one source of all the pulmonary respiratory mor- 
murs, and that it is merely variously modified at different parts according 
to the dimensions of the resonant spaces to which it is conducted; thus, 
in the bronchi it becomes bronchial, in the alveoli vesicular. Qerhardt and 
Pen£otdt attribute the vesicular murmur to still another cause, to vibration 
of the lung tissue, as its state of tension is increased during inspiration; 
they suppose that these vibrations, when added to the bronchial sound, 
give it the vesicular character. Penzoldt was led to that conclusion by 
the following experiment : if a stethoscope, formed of several separate 
parts screwed together, having a thin tense membrane (the air-bladder of 
a fish) interposed between each two pieces to represent the tissue of tbe 
lung when distended, he applied over the larynx, or over those parts of a 
diseased lung at which with an ordinary instrument, the respiration is 
bronchial, the sound now heard is no longer bronchial but vesicular. 

The vesicular respiratory murmur is audible only during inspiration. 
usually throughout its whole duration, but only towards the end of the 
act if breathing be superficial. The intensity (clearness) of the sound de- 
pends in moat cases on the energy with which respiration is carried on; 
in general, however, it varies greatly in different individuals, even though 
their lungs be equally well developed and respiration be equally energetic. 
These differences have no great diagnostic significance. 

In health the vesicular murmur is heard over the whole thorax, most 
loudly at those parts where the soft coverings are thinnest and offer least 
opposition to the propagation of the sound. Tho inspiratory murmur is 
therefore louder anteriorly than posteriorly, loudest in the infraclavicular 
region, feeblest in tbe supra- and infra-spinous regions ; it is also weak 
wherever the subjacent layer of lung is thin, — at the apices and tho an- 
terior and inferior borders. The two sides of the chest often show 
marked differences in the intensity of the sound, tbe latter being louder 
sometimes on one side, sometimes on the other. Occasionally, thoash 
not always, there are obvious local causes for the enfeeblement of tiva 
murmur at certain parts, — such as increased thickness of the soft parts 
and abnormal convexity of the ribs, both of these conditions being highly 
unfavorable to the transmission of sounds. If inspiration be suraciently 
vigorous the vesicular murmur may be perceived not only in those puU 
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behind which lung substance is situated, but &lsc 
hepatic region, for instance, — to wliich the sound is 

With regard to the character of the vesicular respiration, a distinction 
is made between the soft and the harsh or rough vesicular murmur. Jn 
normal circumstant'es, when the mucous membrane lining the air-passages 
is in a healthy state, the sound is soft ; but in catarrh ajtd arcellijiff of the 
membraiu!, it becomes rough, the normal sound being altered by the 
addition of vibrations from the folds and prominences on the mucous 
surface. Following the distribution of the catarrhal affection, this harsh 
respiratory murmur may be strictly circumscribed or may be diffused 
over the whole thorax. — The detection of rough respiration over a limited 
area is of diagnostic ittiportanoe as serving to determine the cause of the 
catarrh. Bxperience shows, for example, that catarrh of the 
seldom primary, but usually seoondary, indicating the beginning o( ca- 
seous condensation in these parts. A rough respiratory murmur, there- 
tore, localized in one or both apices, presenting no variation as regards 
its site on repeated examination, furnishes good ground for the suspicion 
that the catarrh is secondary to a phthisicul affection ; the same sound, 
however, is heard over the whole of one or both lungs, botli in primary 
simple branchial catarrh and in the secondary catarrh associated with 
TAnous diseases of the lung-substances and air-passages. 

The harsh vesicular murmur occurs sometimes alone, but more fre- 
<^uently combined with certain accessory sounds, — the rates, to be con- 
sidered further on. 

Harsh respiration is, nevertheless, quite consistent with perfect health ; 
thus, in children, till they are about twelve years of age, the vesicular 
mnnnnr is exaggerated and rough, and so characteristic ia this sound 
that harah respiration generally is often spoken of as puerile. Thia 
peculiarity of the respiratory murmur in children may be due to the fact 
that comparatively little opposition is offered to the transmission of sound 
by the thin chest-wall, and to the resistance to inspiratory expansion 
presented by the greater elasticity of the lungs in early life. After the 
twelfth year the puerile breath-sound passes gradually into the softer 
vesicular murmur of adults, 

A special variety of the vesicular respiratory bruit is the jeriiJi^ 
inspiration. Thia term is used to describe a vesicular inspiration divided 
into two or more parts, — a phenomenon which may be imitated by con- 
tracting the lips and drawinff the air through them in several quick, 
sudden draughts repeated at short intervals. Such an interrupted inspir- 
atory sound is often audible over a large extent of the thorax when the 
individual under examination breathes irregularly or very slowly, in such 
a way that the air gains earlier access to one part of the lung than to 
another. A quick, deep inspiration, by which the lungs are speedily and 
evenly expanded, causes this physiological variety of jerking respiration 
to disappear. From this is to be distinguished an interrupted vesicular 
murmur of pathological origin, occurring in one or both apices, and 
usually conBned to these parts. Thus if the air-cells in the apices bo 
partially occupied by infiltration, and the finer bronchi he also somewhat 
reduced^n calibre by tumefaction of their mucous membrane, the affected 
portions of the lungs are less readily accessible to the air, and are rather 
later in expanding, than the freely permeable lung-substance lying between 
them, and inspiration becomes jerking or interrupted. After repeated 
deep inspiration, or an attack of coughing, it disappears for a time, but 
■etuTDs shortly afterwards, — From the physical point of view interrupted 
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inspiration indicates merely the existence of some obstacle to the en- 
trance of air into the pulmonary parenchyma ; this obstacle is sometimeB 
of short duration, and then is of no particular moment ; at other times it 
is found to persist for a considerable period, and then may be accepted 
as pointing to incipient catarrh in the apices. In such cases also there 
are usually other auscultatory phenomena (prolonged expiration, perhaps 
even a few feeble rales) which warrant the same diagnostic inference. 

Another modification of the normal respiratory sound is the so-called 
nystolic vesicular murmur, sometimes heard at the borders of the longs, 
near the heart; it is caused by the sudden rush of air into the alveoli of 
these parts of the lung, which rapidly expand and occupy the space ren- 
dered vacant by the shrinking of the heart in systole. This sound, never- 
theless, occaJsionally occurs quite independently of inspiration, and in such 
circumstances is very feeble, though most commonly it is perceptible onlj 
when inspiration happens to coincide with a cardiac contraction, — when 
the portions of lung immediately adjoining the heart receive more air than 
the other parts of the lung. 

The only diagnostic conclusion that can be drawn from the existence 
of the vesicular respiratory sound is that wherever it is audible the subja- 
cent lung-tissue is permeable to air; but it does not necessarily follow 
that the part is capable of admitting a normal quantity of air. — The ex- 
pansibility of the lung may, from various causes, be considerably dimin- 
ished without involving any marked alteration in the vesicular murmory 
so long as between these denser parts others intervene still having the 
normal spongy texture; and any deficiency is still further masked by the 
breath-sounds proceeding from the adjoining healthy tissue. In all these 
cases, however, the diagnostic inference, that the part under examination 
has suffered diminution of its air-contents, is rendered easier by the pres- 
ence of other physical signs, such as changes in the percussion-note (muf- 
fling of the sound) and certain auscultatory phenomena, especially fine 
bubbling niles. 

If the air be entirely excluded from a larger or smaller portion of the 
hing the vesicular murmur within the region so affected is lost, being 
either totally suppressed, or replaced by a sound of no determinate qual- 
ity or by bronchial breathing. 

The Vesicular respiratory murmur is abolished over a large area, some- 
times even over the whole of one side of the chesi, when the lung is com- 
pleteh/ colhfjK^d by the pressure o/jiuid or air in the pleural cavity or by 
any other cause; it disappears to a less extent when the lung is com- 
pressed by mediastinal tumors, large pericardial effusion, an excessively 
hyportrophied heart, &c. ; it becomes inaudible on both sides in very aggra- 
vated cases of vesicular emphysema; and finally, when the lung is com- 
Eletely solidifitd the vesicular murmur is no longer heard, but is replaced 
y other auscultatory signs. 

The vesicular respirHtory murmur is tceakenedy over a greater or less 
extent of surface, by the presence of minor degrees of the above-named 
affections, by marked reduction in the calibre of the larynx and trachea; 
temporarily, also, by obstruction of any of the larger bronchL 

Such constrictions of the air-passages may result from the formation 
of croujx^us membranes, swellings, cicatricial (syphilitic) adhesions, &c., 
more rarelv from ^viralysis of the dilators of the glottis on both sides; 
when it arises {torn the* latter cause the rima glottidis, instead of dilatinff 
in inspiration, contracts, sometimes even to absolute closure, the vocal 
ooids falling asunder again only in expiration. — ^In oaaea of obstruction of 
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the bronchi by superabundant mucous secretion the vesicular murmur is 
weakened only in circumscribed spots, and regains in intensity after an 
attack of coughing. If the embarrassment of respiration be due to the 
partial or complete closure of one of the principal bronchi by the impac- 
tion of a foreign body (a somewhat rare occurrence), the vesicular mur- 
tnur over the greater part of one side of the chest is so enfeebled as to be 
almost inappreciable. 

Weakening, or even abolition, of the respiratory sounds may thus 
spring from so many diverse causes that it admits only of the general 
diagnostic interpretation, — that the air gains access to the alveoli with 
difficulty or not at all. 

In those pathological conditions in which vesicular respiration is abol- 
ished (in cases of compression of the lung by pleuritic exudation or air, 
or of severe pulmonary emphysema, for instance), inspiration is attended 
either by no audible sound or only a faint, undefined whiffing generated 
in the bronchi. — In another group of cases, characterized by complete in- 
filtration of the air-cells, the respiratory sound is no longer vesicular, but 
bronchial, and accompanied usually by rales, when the bronchus leading 
to the hepatized part is not stopped up by secretion. The vesicular mur- 
mur, in becoming weaker, becomes also less clearly defined in character, 
till it passes gradually into the indeterminate respiratory murmur. 



The Expiratory Murmur. 

In auscultating the normal chest in expiration only a weak and soft 
whiffing or buzzing, indefinite sound is heard, which bears no trace of re- 
semblance to the vesicular inspiratory murmur; it is usually much shorter 
than the latter, and is produced by the outward current of air through 
the bronchi. 

The principal pathological alterations of the expiratory murmur are 
prolongation and harshness. Very frequently, indeed usually, both 
changes are observed together and are due to the same cause. 

^prolongation of the expiratory murmur occurs over extensive or cir- 
cumscribed areas, the breath-sounds being cither otherwise unaltered or 
accompanied by accessory sounds. It always indicates that there exists 
some hindrance to the free escape of the respired air. It is one of the 
physical signs, therefore, that attend severe bronchial catarrh, being 
caused by the diminution in the lumen of the bronchi which takes place 
from swelling of their mucous lining; it is met with particularly in the 
diffuse bronchial catarrh which is associated with vesicular emphysema. — ' 
It is also very frequently heard, but more strictly localized, as the result 
of the bronchial catarrh connected with condensation of the lungs. Lim- 
ited to one or both apices, prolonged expiration is one of the earliest 
signs of incipient catarrh, and may then be regarded as evidence of the 
commencement of cheesy degeneration ; in such circumstances it is often 
combined with other auscultatory phenomena (dry or moist rales) point- 
ing to the same conclusion. 

A harsh expiratory murmur, like one which is prolonged, being caused . 
by obstruction to the expiratory current of air and vibration of the swol- 
len bronchial mucous membrane, indicates equally clearly the presence of 
bronchial catarrh. It merges gradually into that form of expiration to 
which the accessory sounds, — ^particularly the dry rales, sonorous, buz- 
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zing, sibilant, — are added; these rdles, however, may be so load as to 
completely cover the proper expiratory sound. 



Thb Bronchial (LASYNOEALy Tbacheal) Rbspibatobt Musxits. 

In auscultating the larynx there is heard, both in inspiration and in 
expiration, a loud, rough murmur, which may best be compared with the 
sound of the aspirate " h," or with the puffing sound produced by blow- 
ing through a tube, such as that of the stethoscope. The pronunciatioa 
of the German word " hauchend ^ reproduces fairly the peculiar charac- 
ters of the laryngeal respiratory sound; when the latter is soft the qual- 
ity of the "h" predominates, when rough, that of the guttural "ch." 
The laryngeal sound is also sometimes described as tubtdary from its com- 
plete identity with the hollow, blowing sound caused by the rushing of air 
through a tube. It is loudest at the rima glottidis, this being the na^ 
rowest part of the tube through which the aerial current passes. From 
the larynx it is propagated downwards into the trachea and both bronchi, 
but with gradually decreasing intensity; in the trachea, however, it is 
quite as loud as in the larynx, and is of almost equal strength in inspira- 
tion and in expiration. Opposite the bifurcation of the trachea (between 
the shoulder-blades and near the fourth dorsal vertebra), the laryngeal re- 
spiratory murmur is already considerably feebler and softer, and is clearly 
audible only in expiration; it is more distinctly appreciable on the right 
side than on the left, the right bronchus being wider than the left and 
lying nearer to the surface of the thorax. From the point at which the 
trachea divides the tracheal murmur is carried onwards into the bronchi, 
so that it may sometimes be heard over the whole interscapular, and oc- 
casionally even in the supra-spinous, regions. 

Lippe examined 203 healthy individuals, to determine the limits of the 
area of bronchial respiration. He found that it was invariably bounded 
superiorly by the seventh cervical vertebra, that it extended downwards 
from that point and to both sides of the chest, in only four cases being 
limited to the right side. Inferiorly its boundary varied, being usually 
marked by the second, fourth, or sixth cervical vertebra, and but rarely 
reaching further downwards. 

Outside of the region described bronchial respiration is not heard in 
the normal thorax, although, as may be inferred from certain pathologi- 
cal phenomena, the laryngeal sound is conveyed even to bronchi of 
medium calibre, its tubular quality being obviously modified or suppressed 
by the low conducting power of the spongy lung -tissue. 

In patholoffical conditions bronchial respiration may become audible 
at any part of the thorax, and during both inspiration and expiration; it 
is usually louder during expiration, rarely louder during inspiration. 

The pathological bronchial respiratory murmur is, in well-marked 
cases, very similar in character to the laryngeal sound, that is, it has al- 
most the same pitch and timbre, so far as it can be said to possess these 
properties of a true musical tone; but in the majority of cases it resem- 
bles more nearly the bruit heard at the bifurcation of the trachea, which 
is softer and weaker than the laryngeal sound, and which, therefore, has 
a better claim to the attention and study of beginners, to whom the cor- 
rect appreciation of the qualities of bronchial breathing always presents 
considerable difficulty, as the type of bronchial respiration. — It frequently 
happens that the bronchial character of the sound is not so pronounced 
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usual, and in such circumstances it is easily mistaken for harsh and 
prolonged expiration; no sure guide can be given for the accurate dis- 
crimination of these phenomena, except the already-mentioned aspirate 
quality of " h " or the guttural quality of " ch " in the bronchial sound. 
Practice and experience can alone confer the power of forming a certain 
diagnosis when the sounds are badly defined, or when the bruit is of the 
indeterminate class, on the border-land between bronchial and vesicular 
respiration. These indistinct respiratory murmurs are designated as 
" somewhat bronchial," " obscurely bronchial," or " approximately bron- 
chial " sounds. 

In bronchial respiration of pathological origin two qualities are dis- 
tinguishable, — it may be harsh or aoft^ hiffh-pitched or low-pitched. It 
becomes rough when the tracheal or bronchial mucous membrane is swol- 
len, and the lumen of the bronchi in that way diminished. Similarly the 
bronchial murmur may take on an excessively harsh character, audible 
even at some distance from the patient, when the upper part of the wind- 
pipe is compressed by glandular tumors or reduced in calibre from other 
causes, — croup in children, diphtheritis of the larynx and trachea, &c. 
It is particularly in these cases that the tracheal bruit is conducted to any 
great distance downwards into the bronchi, when in the whole of the up- 
per part of the thorax the vesicular murmur may be accompanied by the 
sound generated in the trachea. — The circumstances which give rise to 
variation in the pitch are less clearly understood; these differences, how- 
ever, have no diagnostic importance, as in the same patient there are 
often rapid alternations of high-pitched with low-pitched bronchial breath- 
ing without any change in the other physical signs of the disease. — The 
intensity of bronchial respiration is also very variable; the sound is some- 
times almost as loud as at the level of the larynx or trachea, at other 
times it is very feeble, as if it proceeded from some distant part. These 
differences are due, apart from the energy with which respiration is car- 
ried on, more particularly to the nature of the morbid process in which 
the bronchial breathing has its origin, and to certain other factors still to 
be discussed. 



The Conditions which -give bisb to Bronchial Respiration. 

Bronchial respiration occurs in cases ot pulmonary cavity 9Jidi of con- 
densation of the luny-tissuey under the following conditions: — 

1. In pulmonary caverns, when these are situated superficially, sur- 
rounded by rigid and dense walls, and at least so large as to involve one 
of the larger bronchi, the air of which freely communicates with that of 
the cavity on the one hand and with that of the trachea on the other. In 
the absence of any of these conditions bronchial respiration ceases, or 
loses its distinctive character: thus, if the excavation be deep-seated, cov- 
ered by normal air-containing lung-substance, the bronchial quality of the 
respiration in the cavity is lost in the vesicular sound coming from the 
expansible tissue; even if the vomica be near the surface, but invested by 
healthy lung, the waves of sound of bronchial quality from the former are 
scattered and broken up by the adjoining lung-substance, which is of fee- 
ble conducting power. Further, if the cavern be too small to be in free 
communication with a bronchus of moderately large calibre, the sonorous 
undulations are propagated from the larynx so feebly as to be inaudible. 
And finally, should the bronchus leading to the cavity be occluded by 
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mucus the production of the bronchial sound is obviously rendered im* 
possible, as the respiratory current cannot penetrate beyond the obstruc- 
tion; but as soon as free intercommunication is re-established by cough- 
ing and expectoration, the bronchial bruit reappears. Its intensity, in 
cases of pulmonary excavation, depends, other things being equal, on the 
size of the cavity, on the diameter of the bronchus opening into it, and 
on the energy of the act of respiration. 

2. Bronchial respiration is observed in partial or complete condenso' 
tion of the lungs, whether the result of compression or infiltration of the 
air-cells. 

The highest degree of infiltration takes place in pneumonic hepatiza- 
tion ; here, therefore, bronchial respiration is louder than in cases of less 
complete consolidation from other causes. That the hepatized portion of 
lung may present a sound of bronchial quality it must fulfil the same 
physical conditions that have been already described as necessary in the 
case of pulmonary cavities. The larger the part hepatized, and the 
greater, therefore, the number of bronchi ramifying in it, the louder the 
bronchial sound. As pneumonia attacks most frequently the lower lobes 
bronchial respiration is most common in the posterior lower regfions of the 
chest ; and when the whole of the lower lobe is affected the bruit is audi- 
ble from the base of the lung up to the middle of the shoulder-blade. — 
The bronchial respiratory murmur in pneumonia disappears at the begin- 
ning of the stage of resolution, when the air again gains access to the 
alveoli. 

In cases of condensation of the lungs from other causes, such as ca- 
seous degeneration, chronic interstitial pneumonia with consecutive dila- 
tation of the bronchi, etc., the parts so affected frequently have isolated 
patches of healthy tissue scattered in their interior ; bronchial respiration 
m these circumstances is much less intense than in the hepatization of 
pneumonia. More often bronchial respiration is obscured by the presence 
of rales originating in the air-passages ; after coughing, however, espe- 
cially if it result in free expectoration, the bronchial character of the res- 
piratory sound comes out more distinctly. But if the portions of spongy 
texture, enclosed within the indurated tissue in the above instances, be 
relatively of large size, the respiratory murmur may be almost perfectly 
vesicular. In all varieties of condensation of the lungs, from whatever 
cause arising, the same conditions are necessary to the production of 
bronchial respiration as in pneumonic hepatization, which simply serves 
as the type of the most complete solidification. 

Bronchial respiration may also be observed in all those conditions in 
which the lung is rendered void of air hy cojyipression. The most marked 
degree of pulmonary collapse takes place from pleuritic exudation, that 
from pneumothorax being scarcely less complete ; more partial collapse 
is caused by copious pericardial effusion, large aneurisms of the aorta, 
excessive hypertrophy of the heart, morbid growths within the pleural 
sac, and tumors of the abdominal organs, which push the diaphragm up- 
wards. Nevertheless, bronchial respiration occurs in but a small propor- 
tion of the cases of pleuritic effusion, and only when the fluid is moder- 
ately abundant, that is, when the air-cells and finer air-tubes, not the 
larger bronchi, are pressed upon ; small effusions occasion no bronchial 
respiratory murmur, as they do not usually exercise sufficient pressure to 
drive all the air from the lungs, but produce only retraction of these or- 
gans, reducing somewhat the quantity of air they contain. The weight 
of a great mass of fluid in the pleura, on the other hand, tends to obliter- 
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ate alflo the larger bronchi, and so to hinder the free transmission of the 
waves of sound from the larynx downwards into the lungs. Further, on 
the front of the chest, in cases of pleuritic exudation, bronchial respi- 
ration is never heard, as the fluid comes between the lung and the ante- 
rior wall of the thorax, and to a great extent absorbs or suppresses the 
respiratory murmur. But posteriorly, where the shrunken and dense 
lung is in close contact with the chest-wall, the bronchial sound trans- 
mitted from the trachea is heard in considerable intensity. — It is a much 
rarer event to find the lung compressed to such a degree as to favor the 
production of bronchial respiration, from the presence of air in the pleural 
cavity than from pleuritic effusion ; in such cases there is generally no 
respiratory murmur, or only one of indeterminate character, which is 
sometimes accompanied by a metallic echo (see ^' amphoric respiratory 
murmur," p. 106). 

The other morbid changes above enumerated, giving rise to compres- 
sion of the lungs, very seldom induce a state of complete collapse in the 
parts concerned, so that the respiratory sound does not commonly, from 
these causes, assume the unmistakably bronchial quality. 



Physical Cause of Pathological Bronchial Respibation. 

The bronchial respiratory murmur heard in disease is nothing more 
than the laryngeal sound, carried with scarcely diminished intensity 
through consolidated lung- tissue. This was the explanation adopted by 
Liennec, though in certain details his views must be' held as erroneous.. 
His theory is to the following effect : — in normal conditions the bronchial 
sound is so blended with the vesicular sound as to be inaudible as an in- 
dependent phenomenon ; but if the pulmonary tissue become consoli- 
dated, and the vesicular respiratory murmur in that way abolished, the 
bronchial bruit is heard, not merely in its ori^nal intensity, but more 
Strongly, as the dense, airless lung-stibstance is a better conductor of sound. 

This explanation is inaccurate in only one point. The occurrence of 
bronchial respiration is not dependent merely on the disappearance of 
the vesicular murmur, for if that were the-case respiration should be dis- 
tinctly bronchial in severe pulmonary emphysema, in which every trace 
of the vesicular sound is lost. But the second part of Laennec's proposi- 
tion — that consolidated lung-tissue is a good conductor of sound, and 
that thereby the bronchial bruit is rendered audible, — must be accepted 
as well-founded, notwithstanding the objections urged against it by Skoda 
(see p. 104). 

It is a matter of daily observation that the cardiac and vascular sounds 
are conveyed to the thoracic parietes in a much more intense form through 
indurated than through expansible lung; when coudensation takes place 
in the left apex the sounds from the pulmonary artery, when in the right 
those from the subclavian, are heard with great distinctness. Similarly, 
marked increase in the size of- the liver, or the presence of morbid growths 
in its immediate neighborhood, magnifies the sound of the abdominal 
aorta. The reason that dense pulmonary tissue forms a better conductor 
of sound than that which is normal and expansible, is that the structure 
of the former is homogeneous, whilst that of the latter is not, the air con- 
tained in the alveoli alternating with the bands of tissue constituting the 
parenchyma of the organ; and when a sound is made to traverse media 
differing in consistence it is weakened and finally suppressed. 
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netvhat in the following manner. In henlth bronchial respira- 
tion is heard only at the larynx and over the traclieA and its bifurcation, 
hicfa lies close to the chest-wall ; but from the point at which the bronchi 
enter the lung bronchial respiration disappears, as, though sounds of 
bronchial quality are undoubtedly transmitted to the larger, perhaps also 
to the medium-sized air-tubes, they never reach the surface, being arrested 
in their course by the pulmonary tissue, which, being non-homogeneous, 
is a bad conductor. But should the lung become consolidated, and there- 
by acquire the property of conducting sound clearly, the bronchial mur- 
mur is conveyed with undiminished intensity to the thoracic parietes, 
firovided that the portion of lung affected is of sufficient size to include a 
argc bronchus, in which tracheal respiration is audible. 

Skoda has sought to overthrow L»?nneo's teaching, which ascribes 
bronohiHl respiration to the superior conducting-power of a, condensed 
lung. His oijjections are based on a long aeries of experiments, the geu- 
eralteoor of which led him to the opposite conclusion, — that ae a conduc- 
tor of sound expansible, air- con tain lug lung-substance far excels consoli- 
dated tissue. One of the simplest of these experiments may be here 
mentioned : two lungs, one normal, the other hepatized, are removed from 
the thorax and examined by applying a stethoscope to its surface; into 
this instrument one experimenter speaks, while another auscultates the 
voice through another stethoscope. As the result of this comparative 
investigation it was found that the sound was heard over a somewhat 
more extensive area in the healthy than in the hepatized lung. 

Choynowski obtained very different results. In his esperimenta he 
eliminated one likely source of error, — the varying intensity of the human 
voice, and substituted for it the constant sound given by an ordinary 
watch; this was, further, held as far as possible from the ausciiltnting ear 
and surrounded by substances of low conducting power, to exclude the 
possibility of the transmission of the ticking sound through the air. The 
result was that the sound was carried with greater intensilu through 
hepatized than through normal lung.^Bondet and Chauveau, also, having 
introduced a canula into the trachea of a horse suffering from pneumonia, 
and whispered into the instrument, heard the voice clearly over the hepa- 
tized lung, but not over the healthy lung. 

Skoda asserts further that to the production of a bronchial res[Hratory 
murmur as loud as that which is usually audible over hepatiacd tissue a 
strong current of air is necessary; such a current, however, can scaroel^ 
exist in the hepatized lung, as it neither expands in inspiration nor con- 
tracts in expiration, its volume remaining unchanged throughout the 
whole oE the act of respiration. In opposition to this Choynowski justlr 
observes that the air in the bronchi ia in motion, even wlieii the alveoU 
are completely infiltrated; its density varies in respiration, becoming less 
in inspiration and greater in expiration, provided that it Is in free com- 
munication with the column of air in the trachea. But when the air con- 
tained in two communicating cavities is subjected to unequal pressure, a 
current is at once set up from the chamber in which the density ia great- 
est to that in which it is least; and this takes place in the lung during 
each new inspiration. The probability oE the existence of such a current 
is also rendered more evident by the fact that in a completely consolidated 
lung very minute rales are frequently hoard, which obviously can originate 
only in the finest ramifications of the bronchi. 

Skoda combats L^uueo's views on the further ground that in hepa- 
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tiled tisniie bronchial respiration is instantaneously abolished when the 
bronchus U closed by a plug of mucus, and returns equally quickly wheu 
tiie obstructing body is expelled and free cooiniunicBtioii re-established. 
If condensed tissue, argues Skoda, were a better conductor of sound than 
normal lunp, it should make no difference whether tlio bronchi of the 
portion of lung concerned be pervious or impervious. — But conduction 
bas nothing to do with this phenomenon, as the disappearance of tbe re- 
spiratory murmur oil occlusion of the bronchus is caused simply by the 
inability of the waves of sound to penetrate the hepatized tissue on 
account of the opposition offered by the obstruction. 

In the same way may be refuted Skoda's objection, that it dense 
bodies are really the best conductors of sound, the respiratory murmur 
and voice should be louder, not weaker, in cases of pleuritic exudatiou. 
It is the fact that very frequently bronchial respiration is heard in the in- 
terscapular space, close to the vertebral column, where the compressed 
and airless lung is closely applied to the thoracic wall; but on the front 
of the chest no reapiratory sound is perceptible, as the lung is separated 
from it by tlie mass of fluid exudation; the sonorous vibrations, there- 
fore, in their passage through non- homogeneous media, lung and fluid, 
are so considerably enfeebled as to be uo longer audible on reaching the 
Mirfitce or the auscultating ear. 

Skoda has endeavored to deline bronchial respiration as a plienomenon 
qf eontotiance. 

The basis of this consonance -theory, which will be described in detail 
on another page (see " Bronchophony "), is that bronchial respiration ia 
generated or magnified in caverns and m the bronchi of condensed lung 
sabstance by the air in these cavities and bronchi vibrating in consonance 
with that of the trachea; the condition necessary for this consonance ia 
provided in the circumstance that the air is pent up in confined spaces, 
whose aolid walls (the indurated parenchyma surrounding the bronchi) 
reflect the sonorous undulations. 

This theory is capable of but a very limited application, having a bear- 
ing only on those cases in which tbe bronchial respiration is of inetallio 
character, or is accompanied by an ampbono echo (in caverns of large di- 
mensions) or by rules of metallic timbre. But here it is not the bronchial 
respirntion, but t/ie met^lio (amphoric) qttulitt/ which is added to it and 
to tbe r:ilea, that constitutes tbe congonance-phenomenon. — Skoda bases 
his theory almost exclusively on the ground that in it may be found the 
explanation of his observation that bronchial respiration is sometimea 
Ivudtr over the thorax than over the trachea. Such cases have never yet 
oome under my observation; at best they must be exceedingly rare. 



Tub IttETAUOBPHOSINQ RESriRATOBY MuBUUB. 

(D«B HetatnorphoidreiidD Athmang^eiausoli. ) 

This is a special modiGcatiou of bronchial respiration. It bas, accord- 
ing to Seitz, wbo was the first to describe it, the following characters: it 
occuFB only in intpiratiott ; at the outset it is distinguished by an unusual 
harshness, which is quite different from that of harsh vesicular breathing, 
and which may be imitated by placing the tongue against the palat 
in pronouncing the letter g (hard), and making a forcible inspiration; 
■ouiui BO obtained is that which is so often observed in tUnosia of the 
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bronchiy as in the diffuse bronchial catarrh assooiated.with emphysema of 
old standing. This harshness lasts only about one-third of the inspira- 
tory period, when it suddenly ceases, and gives place, during the rest of 
the inspiration, to bronchial breathing accompanied by a metallic echo, or 
to ordinary rales. 

Scitz has met with this variety of respiration only in cases of cavity 
in the lungs (most often in the upper lobes), and has accordingly classed 
it as a cavernous phenomenon. — ^The harsh sound with which metamor- 
phosing respiration begins manifestly has for its physical cause the fact 
that the air, in entering the cavern, passes through an opening which in 
relation to the size of the cavity may be regarded as narrow, and which 
is often further diminished in diameter by mucous secretions; it is lost at 
the instant in which powerful inspiration effects the dilatation of the 
orifice, and in its place we have either bronchial respiration or rales caused 
by disturbance of the fluid lying in the cavity. 

The metamorphosing respiratory murmur is usually heard only when 
respiration is vigorously carried on, seldom when it is tranquil and easy; 
its peculiar characters, also, are not always so pronounced as above de- 
scribed. It cannot even be considered a constant symptom of pulmonary 
cavity; it comes and goes, and varies to some extent, like the bronchi&l 
respiratory sound, ordinary rales, &c. But when it has once been clearly 
made out in any individual case, repeated and prolonged examination 
rarely fails to reveal its presence on subsequent occasions. 

The fully-developed form of this murmur, as defined by Seitz, is rare; 
much more frequently there is, in excavation of the upper lobes, a re- 
spiratory murmur which resembles it thus far, — that it begins with a 
snort, harsh, hissing sound, followed by rales and indeterminate respira- 
tion. If the simple fact that the inspiratory act consists of two sounds 
be held as sufficient warrant for designating it as a metamorphosing re- 
spiratory murmur, the relative frequency of the occurrence of this phe- 
nomenon is greatly increased. 

To the category of bronchial respiratory sounds belongs 



The Amphoric Respiratory Murmur. 

(The respiratory sound with a metallic tone or echo.) 

By this name is understood a bronchial, rarely an indeterminate, re- 
spiratory murmur, accompanied by a tone of metallic quality or to which 
is added a metallic echo. It owes the appellation amphoric to the per- 
fect analogy it presents to the sound produced by blowing into a pitcher 
or bottle. — This murmur occurs sometimes in inspiration alone, sometimes 
in expiration, at other times in both, but is almost always loudest and most 
distinct when accompanying expiration. Its fundamental character, as 
already mentioned, is generally that of the bronchial sound, the physical 
conditions which give to it its amphoric quality being precisely those which 
are most favorable to the development of bronchial respiration. It is 
only in very exceptional cases (see p. 108) that the indeterminate respin^ 
tory murmur is found attended by the amphoric echo. 

The amphoric respiratory sound arises, as the production of an analo- 
gous sound by blowing into a pitcher teaches, only in large pulmonary 
cavities and in cases of accumulation of air ip the pleural sac (pneumotluh 
rax). Its occurrence is subject to the following conditions : — 
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1. The excavcUion in the lung must be at least of the size of the closed 
fisty enclosed by walls of uniform density and thickness throughout, in 
free communication with one of the larger bronchi, and situated close to 
the surface of the lung. The first condition is a necessary one, as it is 
only in cavities of some considerable magnitude, possessing walls of uni- 
form density, that the sonorous waves generated by the respiratory cur- 
rent of air can be refiected with that degree of regularity which is re- 
quired for the formation of a really musical tone. Since, however, the 
amphoric quality is frequently wanting, even in cases in which the fore- 
going conditions are present, the explanation of the causation of the am- 
phoric echo is incomplete without the addition of another factor, namely, 
eonsofiance. The air-space of the cavern forms a resonance-chamber, in 
which the breath-sounds are intensified and, through the regular reflection 
of the waves of sound, so modified as to acquire a tone of distinctly musi- 
cal quality. 

The second condition, — ^free communication between the vomica and 
the bronchus leading to it, requires little argument in its support, as it is 
obvious that If the bronchus be blocked up the respiratory sound must 
disappear or become confused and indistinct; it returns, however, after 
repeated and forcible coughing, particularly when this is accompanied by 
expectoration. The third condition, — the proximity of the cavity to the 
surface of the lung, is rarely absent when the vomicae are of large size. 

The clearness of the amphoric respiratory murmur is in no way influ- 
enced by the presence of a certain amount of fiuid, as well as air, in the 
cavity. This may be shown by blowing, first into an empty pitcher, and 
then into one nearly full of water. It is essential only that the vomica 
do not contain so much fluid that the volume of the latter greatly exceeds 
that of the air-contents, as in such circumstances the respiratory murmur 
is usually completely hidden by abundant moist rales, and, more particu- 
larly, the existence of consonance^ on which, to a great extent, depends 
the amphoric character of the breath-sounds, is rendered impossible. 

As the great majority of pulmonary vomica; occur in the upper lobes, 
so it is chiefly at the corresponding parts of the thorax that amphoric res- 
piration is heard; it is loudest anteriorly y owing to the greater facilities 
offered bv the front wall of the chest for the conduction of sound. In 
cases in which the cavities were very large I have observed it also on the 
posterior surface of the chest. 

The metallic echo is alwavs clear and acute, and its musical character 
often so marked that its pitch is accurately and easily determinable. 
Frequently several tones, the harmonic over-tones of the fundamental 
tone, are recognizable in it, and the impression then conveyed to the ear 
is precisely that given by the sweeping of the wind over the strings of an 
^olian harp. — The amphoric echo may be the sole abnormal quality dis- 
tinguishable in the respiratory sound, when there happens to be little or 
no fluid in the cavity, or when the patient breathes so feebly that the 
fluid is not agitated by the breath -current; but in the greater number of 
instances the amphoric respiratory murmur is accompanied by rules hav- 
ing a ringing metallic character (metaUii tinkling ^ see p. 119). 

At those parts where the respiratory murmur is amphoric the percus- 
sion-sound is also frequently modified in a similar way. 

2. Amphoric respiration is also met with in pneumothoraXy but only 
when the lung is still able to expand so far as to permit the entrance of 
a certain quantity of air. This is possible only when the pulmonary fis- 
tula, through which the air reached the pleural sac, closes again relatively 
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quickly; this rapid closure takes place in most cases, while persistence of 
tne fistula, that is, the establishment of free communication between the 
air in the pleura and that in the bronchi and trachea, is the rarer event 
If the bronchial fistula be obliterated, and if the lun^ be not completely 
collapsed, but still capable of a certain amount of expansion, a breath- 
sound may be heard at those points (usually posteriorly) which correspond 
to the position of the permeable portion of lung; this respiratory murmur 
is most commonly of the indeterminate variety, more seldom bronchial, 
and attended by a metallic clang or echo. 

Here the explanation of the occurrence of amphoric respiration is 
that the sonorous waves borne along by the air entering the lung, — ^those 
constituting the ordinary respiratory murmur, are transmitted through 
the pulmonary substance to the air confined in the pleural cavity, throw- 
ing it into simultaneous vibration. 

In certain rare cases, in which dyspnoea is the most prominent symp- 
tom, amphoric respiration is sometimes developed altogether independ- 
ently of the existence of cavities. It arises in the pharynx, on making 
a deep inspiration with the mouth widely open, and may be conduct^ 
to the surface with such intensity as to be audible over the greater part 
of the upper thoracic region, more especially in the interscapular area. 
This variety of amphoric respiration is sometimes at once abolished by 
closing the mouth. — Friedreich asserts that in some very aged persons an 
amphoric respiratory murmur may be heard between the shoulder-blades, 
unconnected with any dyspnoea; I have never seen such a case. 



Indetebminatb Respibatoby Mubmub. 

A large number of respiratory murmurs have not the characters of 
either vesicular or bronchial breathing ; these, on Skoda's suggestion, are 
named indetenninate respiratory sounds. Strictly speaking, however, 
this category includes also all those transition- murmurs which, though 
somewhat undefined, are more or less distinctly bronchial or vesicular; 
these are designated, as formerly stated, as "somewhat vesicular," "ob- 
scurely vesicular," " obscurely bronchial," &c., the term indeterminate 
being reserved for those in which no trace of either fundamental quality 
is appreciable. The more practised the ear in the discrimination of the 
less-niarkcd shades of difference between bronchial and vesicular respira- 
tion the more limited becomes the domain of the indeterminate respira- 
tory murmur. It is those transition -murmurs which seem to present 
most difficulty to learners, the trult/ indeterminate sounds being as easily 
recognized as the purely bronchial or purely vesicular sounds. 

As the indeterminate respiratory murmur resembles no other known 
sound it scarcely admits of description ; a knowledge of its properties, 
therefore, is obtainable only by personal investigation and practice. A 
general conception of its qualities may be arrived at by auscultating the 
chest of a robust man, directing him at the same time to breathe exceed- 
ingly superficially^ when the respiratory sound heard at those parts in 
which the muscles are well developed (the supra- and infra-spinous re- 
gions, for instance), will be found to be no longer vesicular but of the 
indeterminate class. The cause of this lies in the fact that in shallow 
inspiration the aerial current enters the alveoli with so little force or 
energy that the respiratory sound, in its transmission through the thick 
covering of muscles about the shoulder, is wholly deprived of its vesicu- 
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lar character ; bat on deep inspiration the indeterminate murmur becomes 
clearly vesicular. The gradual transition from vesicular to indeterminate 
breathing may be demonstrated by slowly increasing or decreasing the 
depth of each inspiration. An equally good method of exercising the 
ear in the study of the transition sounds is to auscultate the respiratory 
murmur at a point some distance removed from the part at which it orig- 
inatesy — as by passing the stethoscope slowly downwards from the bor- 
ders of the lung into the hepatic region ; the nearer the instrument is 
brought to the margin of the ribs the more obscure, the more indeter- 
minate, becomes the respiratory sound. 

As a pathological phenomenon the indeterminate respiratory murmur 
is of very frequent occurrence ; it is sometimes persistent, at other times 
of short duration, confined to a limited area or diffused over a consider- 
able extent of surface. — The causes giving rise to it may be arranged in 
the following groups : — 

1. Insufficient expansion of the alveoli. This may be the result of 
diminution of their elasticity, as is so often observed in vesicular emphy- 
sema ; or of infiltration of the air-cells (with fluid or plastic exudation), 
or of compression or atrophy of the lung. In all these cases the volume 
of air which gains access to the alveoli is so small that the vesicular mur- 
mur is not developed, — in shallow respiration at all events. The inten- 
sity of the indeterminate sound is still further lessened when it traverses 
a mass of fluid, such as abundant pleuritic exudation. Effusions into 
the pleura are the most common conditions which are found to obstruct 
the free transmission of the breath-sounds ; compression of the lung 
also, by air or tumors in the pleural sac, acts in the same way. 

2. Obstruction of one of the larger^ or of several of the smaller, 
bronchi of an infiltrated portion of lung^ by the presence of superabun- 
dant mucous secretion. In such cases, as only a very small quantity of 
air reaches the vesicles, the respiratory murmur is indeterminate. This 
occurs extremely frequently as the result of the bronchial catarrh which 
accompanies infiltration of the lung-tissue. If the mucus be expelled by 
coughing, or shifted from one part of the air-passages to another, the 
bronchi of the part affected again become pervious, the indeterminate 
quality disappears from the respiration, and breathing becomes vesicular 
or bronchial according as the lung substance is still capable of expansion 
or is completely consolidated. 

3. AU respiratory m.urmurs become indeterminate when masked by loi^ 
accessory sounds (rdles) ; hence the frequency of indeterminate respira- 
tion in all cases in which the bronchi, alveoli, or pulmonary excavations 
are occupied by fluid secretion, the agitation of which by the breath-cur- 
rent gives rise to numerous rales. According to the distribution of the 
latter the indeterminate murmur is strictly circumscribed or widely dif- 
fused. Free expectoration also, or vigorous coughing, may so far alter 
or diminish the intensity of the rdles that the true respiratory sound be- 
oomes again audible, this being vesicular if the lung still possess its 
normal spongy structure, bronchial if it be totallv devoid of air. But in 
other cases, notwithstanding the diminution in the intensity and number 
of the rales, the indeterminate character of the breath-sound remains. 
In many instances a deep inspiration on the part of the patient causes 
the indeterminate respiratory murmur, on whatever condition it depends 
in the particular case, to become vesicular or bronchial, — vesicular, for 
example, in pulmonary emphysema, or bronchial in infiltration of the 
parenchyma ; it is only in cases of very copious pleuritic exudation 
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that deep inspiratioii does not cause it to take on the vesicular char- 
acter. 

It is often possible to determine, and that with a considerable degree 
of certainty, to which of the above-named causes the indeterminate re- 
spiratory murmur owes its origin. Thej may all be in operation together: 
thus, in an infiltrated lung, the bronchi of which are also in a state of in- 
tense catarrhal inflammation, it is due to the slight amount of expausion 
of which the consolidated part is capable, to diminution in the quantity 
of air which reaches it (from tumefaction of the bronchial mucous mem- 
brane), and to the masking of the respiratory sounds by moist, catarrhal 
rkles. In other instances, as in severe pulmonary emphysema without 
catarrh of the bronchi, or in cases of complete atelectasis of the lung-sub- 
stance from the presence of a large pleuritic effusion, but one cause can 
be alleged for the indeterminate character of the breathing, — the insuffi- 
cient expansion of the alveoli. — From these examples it may, with justice, 
be inferred that the indeterminate respiratory murmur possesses in gen- 
eral no precise diagnostic signification. Whilst the vesicular murmur or 
bronchial breathing at once discloses the condition of the subjacent lung, 
the former showing that it is still permeable, the latter that it is consoli- 
dated, indeterminate respiration alone gives no information of this kind, 
as even where it is heard the lung may or may not contain air; it is only 
on taking into account the other auscultatory phenomena that it may, in 
certain cases, be traced back with confidence to its physical cause. But 
occasionally, even when occurring cUone^ it may, if strictly localized, be 
sufficient to warrant a diagnostic conclusion. Thus, if it be audible and 
persistent in one apex, whilst in the other respiration has its ordinary ve- 
sicular character, it points decidedly to incipient condensation, to dimin- 
ished expansibility from commencing disease in the part. Nevertheless, 
such instances (the occurrence of indeterminate respiration without acces- 
sory sounds) are rare, as the morbid process beginning in the apex usu- 
ally excites also a catarrh of the finest air-tubules, giving rise to small, 
fine r^les. Sometimes, however, an unaccompanied indefinite respiratory 
murmur may be observed jn one apex when the disease has been arrested 
and to a certain extent cured, some condensation only remaining; here 
the catarrh has disappeared, and the rdles, accordingly, are wanting. 



Ralbs. 

"When the organs of respiration are perfectly normal the unmixed 
vesicular inspiratory and indeterminate expiratory murmurs are the only 
breath-sounds heard over the whole thorax; rales are entirely absent, as 
the mucous lining of the air-passages is everywhere smooth and secretes 
no more fluid than is just necessary to keep it moist. But as soon as this 
membrane becomes rough and uneven through swelling, and an augmented 
secretion of fluid takes place at any part of the bronchial ramihcations, 
certain accessory sounds, named rdlea^ are added to the respiratory mur- 
mur. 

The manner in which these rales are produced in the larger and 
smaller bronchi, in their most minute subdivisions, and in the air-cells, 
varies very considerably. In bronchi of large calibre and in pulmonary 
vomicae the passage of the respiratory current of air (both in inspiration 
and in expiration) through the fluid products, causes the formation of 
numerous bubbles which burst with an explosive^ crackling sound, — ^like 
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those rising in soapy water or other frothing or fermenting fluids, or in 
liquids which are forcibly shaken.* The disturbance of the fluid secre- 
tions also, by the breath current, (which can obviously take place only 
within very narrow limits), may give rise to rules without the throwing 
up of bubbles, as in a body of fluid roughly shaken; and finally similar 
crackling sounds sometimes originate in bronchi in which no fluid is pres- 
ent, from vibration of the folds of the swollen mucous membrane. But 
in the bronchioles and in the air-cells the force of respiration is so slight 
as to be insuflBoient for the raising of bubbles in the secretions, and the 
alveoli, further, scarcely afford room enough; doubtless the rales here 
owe their existence to the circumstance that at the instant in which the 
smallest air- tubes and the air- vesicles are dilated in inspiration their 
walls are suddenly separated from their fluid contents to permit the pas- 
sage of the current of air. In expiration, on the other hand, when the 
vesicles shrink again to their former dimensions, the above-named cause 
is not in operation, and in fact rales are somewhat rare in this phase of 
respiration; but in those cases in which they are heard their occurrence 
may be explained on the supposition that the viscid, tenacious exuda- 
tions offer considerable resistance at parts to the expiratory air-current, 
which, nevertheless, forces its way through them, and so breaks them up 
and agitates them again. 

That the rales developed in the bronchioles and air-cells containing 
fluid secretions do not depend on the formation and bursting of bubbles, 
bat on the rapid and violent separation of the agglutinated walls of these 
finer air-passages from each other, may be inferred from certain physical 
analogies and some physiological and pathological observations still to be 
mentioned; thus, a very similar sound is obtained by pulling asunder 
two fingers previously gummed together by their palmar surfaces, by ap- 
plying the tongue to, and suddenly detaching it from, the roof of the 
mouth, or by inflating the collapsed lungs in the dead body (Wintrich), 
the walls of the alveoli being in contact after death. From the last of 
these examples, the sound generated in which bears a very close resem- 
blance to a rale often heard in the living subject (the crepitant rale, to 
be subsequently described), an important diagnostic inference may be 
drawn: that the rdles originating in the air-cells and in the finest air^ 
tubes do not necessarily depend 07i the presence of fluid secretions in these 
parts, but that they may sometimes arise from the sudden separation of 
the cohering walls of t/ie cUoeoliy qtiite independ^itly of the existence of 
any trace of exudation. 

Rales are classified as moist and dry according to their character, 
that is, according to the impression they convey to the ear. The differ- 
ence results from the varying consistence of the bronchial secretions, the 
former variety being produced when it is thin and watery, the latter 
when it is thick and tenacious. 

Moist rdles most usually resemble the sounds caused by the breaking 
of bubbles in a fluid, such as the bursting of soap-bubhles in water, or of 
the bubbles which come to the surface of water beginning to boil; other, 
finer rdles are more comparable to the sound elicited by rubbing the hair 

* Talma has recently asserted, as the resnlt of a number of physical researches 
oonducted by bim, that the banting of babbles is of itself noiseless, and that r..les 
depend on the agitatioa of the flaid and tl\e formation of a multitude of little projeo- 
tiona on ita aarfaoe ; these little tongues vibrate and awake secondary vibrations in the 
mass of air pent op in the tabes wluoh oontain the fluid (in the case of the lung — the 
Incoaaohi and oavities). 
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between the fingers, or to the crepitation of salt thrown on the tiot-plate 
of a stove. But rd,les are subject to so much modifioation, and vary so 
considerably in character even in one and the same case, that to describe 
them fully by the common sounds of ordinary life is scarcely practicable, 
these latter being too few in number and not permitting of an accurate 
enough definition of the acoustic phenomena observed. 

It is very seldom possible to determine, from the nature of the rales, 
the constitution of the fluid in which they are generated, that is, to affirm 
with precision whether it is serous, mucous, purulent, or sanguineoos; 
such inferences are deducible only from a general knowledge of the chni- 
acter of the local morbid process. — But the seat of the rales, on the other 
hand, whether in the largest, medium-sized, or smallest bronchi, or in pul- 
monary cavities, may usually be ascertained with the g^^atest exactness, 
by a consideration of the various qualities of the rale, now to be described 
in detail. 



1. Stage of Respibation ts which the Rales occxtb. 

Rales are audible sometimes in inspiration alone, more rarely in expi- 
ration alone, or during both inspiration and expiration. They usually ap- 
pear at the acme of inspiration and at the beginning of expiration, when 
the fluid in which they originate is lodged in the finer bronchi. But if 
the secretion be so abundant as to occupy the larger as well as the small- 
er air-tubes, and if respiration be carried on with suflicient energy, the 
rales are heard not merely during the whole of the inspiratory period but 
also — though necessarily considerably enfeebled by the resistance offered 
to the escape of the expired air — throughout expiration ; the rattling 
sound is then, in fact, almost continuotis. The best example of this con- 
dition is found in diffuse bronchitis, though even here the rale is only 
temporarily, and not at every examination, continuous. Violent cough- 
ing, accompanied by expectoration of mucus, deprives it of its continuous 
character for a longer or shorter period. 

Sometimes rales occur even in the respiratory pause. These are de- 
scribed as postexpiratory rdUs by Baas, their peculiarity being that they 
follow, or prolong", the expiratory rales, whilst the chest-walls are in a 
state of absolute repose. — I have not unfrequently observed this postex- 
piratory rale, in cases of large pulmonary vomicae containing much fluid, 
and am of opinion that its production may be most consistently explained 
on tlie assumption that the commotion set up in the contents of the cav- 
ity by the respiratory air-current does not at once subside, but goes on 
for a short time in certain small portions of the fluid. It can be shown 
by a simple experiment, — watching the bubbles that form on the surface 
of soapy water shaken up in a vessel, — that the bursting of bubbles in a 
fluid does not begin and end precisely with the act of agitation, but con- 
tinues after the vessel is at rest. — I have not noticed the postexpiratory 
rale in any other conditions than those mentioned, — ^large pulmonary cav- 
itie8« 

2. Amount of the Rales. 

Rales may be abundant or scanty. Their abundance depends on the 

auantity of fluid in the bronchi, air-cells, or cavities, on the proximity of 
be affected part of the lung to the surface, (by which the explosion of 
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erery individual babble is transmitted more or less accurately to the ear), 
and on the violence of the agitation of the secretions by the aerial cur* 
rent. Numerous rales, therefore, always indicate free communication be- 
tween the diseased part of the lung and the bronchi leading to it; and if 
this be interrupted temporarily by the impaction of mucus in the air-pas- 
sages, they are either abolished or become very scanty, even though the 
parts be loaded with fluid secretions. — Very abundant and persistent r&les 
are designated as gurgling, from their resemblance to the bursting of 
large bubbles in a viscid substance. These present themselves most fre- 
quently in pulmonary vomicae of considerable size containing a large 
quantity of fluid, and occasionally also in the smaller bronchi when these 
are filled with catarrhal secretions. 

The less the amount of fluid the scantier become the HLIes and the 
stronger the inspiratory effort necessary to produce them. Occasionally 
they are so scanty that only a few bubbles form or burst during each in- 
spiration, whilst during several consecutive respiratory acts absolutely 
none may be heard, or they may become appreciable only after prolonged 
ooughing. A very scanty r41e often disappears completely when the pa- 
tient breathes deeply and strongly for some time, as when undergoing 
examination by auscultation. An extremely scanty rale, consisting, for 
instance, of but one or two isolated bubbles, appearing only after deep 
and forcible inspiration, is not necessarily dependent on the presence of 
fluid in the air-passages or alveoli, but may be caused by the rapid and 
Tiolent separation of the adhering folds of the mucous membrane lining 
the bronchioles, or by the distention of collapsed alveoli. Perfectly 
healthy persons may thus, on making a sudden and deep inspiration, pre- 
sent a few scanty r^les at various parts of the lungs, — m the apices, the 
lower borders, and some other regions; these, however, are lost at the 
next inspiration. In other respects they do not differ from the scanty 
rsdes which characterize the earliest stages of catarrh in the apices; a 
knowledge of the fact, therefore, that these sounds are sometimes pro- 
duced in the above-mentioned way becomes of the greatest importance, 
as one is always tempted to refer the slightest trace of a rale in the sum- 
mits of the lungs to commencing catarrh. 



Intensity (Cleasness, Loudness) op the RIles. 

Rales show very marked differences in intensity in different cases, 
and are very variable even in one and the same individual. Their inten- 
sity is the greater the more abundant the secretions, the more energetic 
the act of respiration, the wider the lumen of the bronchi within which 
the fluid is accumulated, and the closer the affected part of the lung to the 
thoracic parietes. — ^The more abundant the fluid the more numerous the 
bubbles formed by each draught of air and the greater the total volume 
of sound produced. Rales are siftiilarly intensified also by energetic res- 
piration, as by this means more bubbles, and those frequently of larger 
size, are thrown upon the surface of the fluid. It is for this same reason, 
farther, that rales occurring in the principal bronchi are louder than those 
formed in the smaller air-passages. There are certain rdles, however, — 
such as those arising in the larynx, trachea, or bronchial trunks, — which, 
though they may be, and commonly are, so intense as to be audible even 
at some distance from the patient, (a phenomenon known as a '^ rattling on 
the ohest " among the laity)^ yet do not necessarily indicate the presence 

8 
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if ftny very large quantity of fluid in tliose parts ; it is but seldom, tiso, 
that rdlea generated in the finer rsmificatioDS of the bronchial tree, oven 
though exceedingly numerous, are observed otherwise than by mediate 
or immediate auacultation, and in these exceptiouol ciiseB they are feeble. 
Rales originating in pulmonary excavations, though extremely loud u 
heard through the stethoscope, are never so intense to the ear held away 
from the chest as those produced in the large bronchL 

Rules, finally, are invariably stronger the nearer their place of origi- 
nation to the part to which the stethoscope is applied. They are all 
capable of transmission through tbe tissues to points more or leu re- 
mote, the loud being carried farther than the feeble ; we are never, there- 
fore, warranted in concluding that the spot at which the rale may be de- 
tected corresponds precisely to the part at which it takes its origin. Very 
loud riles, — those met with' in the right lung, for example, — may be propa- 
gated, though feebly, as far downwards as the hepatic region. But tbe 
ear, with a little practice, soon leanis to distinguish with sufficient readi- 
ness between r&les arising immediately under the auscultated spot and 
those which are transmitted thither, whether from acljaiiiiiig or more 
deeplv-seated parts of the lung. Transmitted riles are always scanty, 
as only the loudest of the bubbling noises, not all of them, are conducted 
to any distance; they are e.\iO feebler and dttiler, in this respect showing 
themselves subject to the same laws as other sounds. If rifles of nearly 
equal intensity be heard over a large extent of surface, it may be inferred 
that the cause producing them is in operation at all parts throughout the 
whole of the space indicated ; if at different, opposed parts of the tho- 
rax, — on the right and left sides, for instance, they belong to both lungs, 
as the conduction of rales from one lung to another is rare, talcing place 
only when they are exceedingly loud and abundant in the region in 
which they are set up. 

Galvagni has stated that riles developed in the deeper parta of the 
lungs are beat heard through the mouth, 'u\ the cavity of which they are 
considerably intensified by consonance, and that they lose in intensity in 
transmission through the spongy lung substance (which is of \eiy low 
conducting power) and the thoracic parietes. 

I have been led as the result of a long series of original investiga- 
tions, to modify this view considerably. It is perfectly true that certain 
rales, those in the apex, for instance, appear surprisingly loud and clear 
if the trumpet-shaped extremity of the stethoscope be placed in, or even 
close to, the open mouth of the patient ; in this way dull, indistinct rales 
acquire a clear resonant character, while those which are already of this 
nature become exquisitely metallic. Rales, therefore, are intensified by 
consonance in the buccal cavity, as the same sound is heard much more 
feebly over the larynx than at the apex of the lung. But I have never 
been able to convince myself that riles arising in the deeper and lower 
portions of the lungs, sounding faint and scanty on the surface of tha 
chest, are louder and more numerous when auscultated in the mouth, 
though I have observed that dull, non-reaonant rales originating even in 
the lower lobes, may bo audible in the mouth, and assume there & ring- 
ing character. — These methods of auscultation obviously do not enable 
us to decide whether a rdle comes from tbe right or left laog, from the 
upper or lower lobe, &o. 
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4. SiZB OF THS RIlBS. 

Different rftles convey very different impressions to the ear with re- 
spect to the size of the bursting bubbles. 

The size of the bubbles is determined by the quantity of fluid present 
and the stren^h of the current of air passing through it, above all by the 
lumen of the bronchi in which the riles are developed. 

R&les are divided, according to the apparent size of the bubbles, into 
/Ine bubbling and coarse bubbling rdles^ those of intermediate magnitude, 
or which present a combination of the two preceding varieties, being des- 
ignated as medium-sized bubbling rdles. 

The ^fine bubbling rdles are generated for the most part in the smaller 
and smallest subdivisions of the bronchi, the coarse bubbling rdles in the 
larger bronchi; but even in the largest and widest parts of the air-pas- 
aages very fine moist r^les may arise. If the fine and coarse bubbling be 
combined, — a condition readily detected by the ear, — they are termed wn- 
tqual or irregular bubbling rdles ; if, on the other hand, the bubbles seem 
to the ear to be equal in size, they are named uniforin bubbling rdles. 

Among \\iefii\e bubbling rdles there is one variety which demands spe- 
cial attention. It originates in the extremities of the bronchioles and in 
the air-cells, — air-spaces of the very smallest capacity; the bubbling of 
which it consists is therefore exceedingly minute; as the alveoli, also, are 
all equal in diameter the individual explosions are of uniform size. Such 
a rAle is spoken of as a fine^ uniform bubbling rdle ; it is known also as 
the moist crepitating rale of Laennec, from its resemblance to the sound 
produced by rubbing the hair of the head, especially in front of the ear, 
between the fingers. It is usually only at the acme of inspiration, seldom 
at the beginning of expiration, that it is heard. 

When crepitation is distinctly appreciable we have proof that the air- 
vesicles still admit air, and the proper diagnostic inference with regard 
to the state of the pulmonary parenchyma is simply that the alveoli con- 
tain both air and fluid. This condition occurs in the most pronounced 
form in the first and third stages of pneumonia, so that uniform crepita- 
tion may be considered as almost pathognomonic of the disease in these 
stages. 

Crepitation in which the bubbles are uniform must be sharply distin- 
guished from that in which they are irregular in size. The latter is spe- 
cially characterized by the fact that in it not only fine and regular bub- 
bles, but also some others of much larger size, are heard. Diagnostically 
this distinction is of some importance, as the genuine uniform crepitation 
of Lasnnec is developed in lung-substance which is still permeable to air, 
the irregular form very frequently in consolidated tissue, that is, not in 
the air-cells, but in the finest bronchi or their terminations. 

Pneumonic crepitation lasts, provided there is no obstruction of any 
of the larger bronchi leading to the infiltrated part, — a condition which 
would weaken or abolish the r4le, — till the alveoli are so completely filled 
with fluid that the air is entirely excluded; it returns as soon as the fibri- 
nous exudation begins to be absorbed and the air once more gains admis- 
sion to the vesicles. — Crepitation is also usually unaffected by coughing^ 
as the contents of the alveoli cannot in this way be dislodged. 

lo pulmonary oedema, also, a serous exudation, — not fibrinous, as in 
pneumonia, — ^is poured into the air-cells, so that here too are furnished the 
eonditions necessary to the existence of the crepitant r&le^ — the intimate 
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intermingling of air and fluid; but in this instance the rale is not so well 
deHned as in the forementioned stages of pneumonia, as the bronchi also 
are tilled with fluid, and the irregular InMding rdles produced in them 
being added to the crepitation proceeding from the alTeoli, the general im- 
pression given to the ear is no longer ihat of the tuiiform crepitant rile 
as in pneumonia. — In the catarrhal affection of the most minute bronchi 
which usually attends the various diseases of the lung -substance, a few 
7ion't{niJbrm, but nevertheless very fine, crepitations may be heard here 
and there over the chest, and these may be of merely temporary duration 
or persistent. « 

Crepitation is also occasionally audible for a shoH time in coUapted 
conditions of the lung, in those, for instance, in which the organ has been 
for a long period subjected to pressure by pleuritic effusion, or in the re- 
tracted pulmonary parenchyma situated above the level of a pleuritic exu- 
dation ; here it may possibly be the result of a catarrh of the extremitiei 
of the finest air-tubes, — ^a condition often associated with pleuritic exad&- 
tion, — though it frequently arises, altogether apart from the presence of 
fluid in the bronchioles, solely from the tearing asunder of the collapied 
and adherent alveolar walls (compare p. 117). 

There is a very deceptive kind of artificial crepitation which must be 
guarded against in auscultating the thorax. In those in whom the skin 
on the front of the chest is plentifully covered by hair each inspiration 
is accompanied by a sound the exact counterpart of the crepitant r&le, 
produced by the rubbing of the little crisp hairs on the end of the stetho- 
scope. This noise is often so loud as to interfere seriously with the per- 
ception of the true respiratory sounds. It is a source of error, however, 
which may be completely eliminated by simply wetting the hairs with 
water, when they apply themselves flatly and closely to the surface of the 
chest. 

The rnedium'Sized bubbling rdleSy by which is meant, as already 
noticed, the transition-form between fine and coarse rales or the sound 
which results from the mixing of these, is set up in bronchi which differ 
considerably with respect to calibre, but not in the very finest or in the 
very largest ; in the smaller air-passages the fine bubbles greatly out- 
number the large ones, in the larger bronchi the reverse is the case. In 
pulmonary excavations, also, in which there is a very abundant fluid se- 
cretion, the rales are usually composed of bubbles of medium size. — ^These 
rales may be still further subdivided into two classes, according as the 
bubbles are over or under the average size, — a degree of refinement 
which, as it depends almost entirely on subjective appreciation, is of no 
practical value. 

Coarse bubbling rdles occur chiefly in the principal bronchi and in the 
trachea, and are usually loudest and most prolonged in expiration ; to 
this category belongs the death-rattle in the air-passages of the dying. 
The ability to distinguish between medium-sized and coarse-bubbling 
rAles, — a point of no great diagnostic importance, is easily acquired by 
the ear, with a little practice, while the difference between fine and 
coarse rilles is so obvious as to strike every one at once. 

The medium-sized and coarse rules, which are always louder than the 
fine rdles, are found not only in simple primary catarrh of the bronchi, 
but also in the secondary bronchial catarrh which accompanies the paren- 
chymal diseases of the lungs, and in pulmonary cavities. These r&les, 
therefore, can have but one diagnostic signification, — ^that fluid is present 
in some of the larger air-passages ; but without a consideration of the 
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obaraoter next to be discussed, (resonance or non-resonance of the HLles), 
and of the properties of the respiratory sound, such phenomena alone are 
not sufficient to indicate whether the tissue of the lung is still freely per- 
meable to air or is consolidated. 

Skoda has for this reason applied to the whole group of r&les just 
described the collective term indetennUMte rales, regarding them as an- 
alogous to the indeterminate respiratory murmur, as neither class of 
phenomena offers any indication of the condition of the lung-tissue with 
respect to air-contents. Practised auscultators, nevertheless, are able to 
determine, from certain peculiar qualities of the non-uniform bubbling 
T&les, whether they are due to a simple catarrh, or to the secondary ca- 
tarrh dependent on condensation of the lung-substance. No general 
rules can be laid down for guidance to the formation of such a diagno- 
sis, which is, indeed, rather a matter demanding skill and experience ; it 
must suffice, therefore, to point out some of the principal differences be- 
tween the rales of primary and of secondary catarrh. In simple bron- 
chial catarrh the r&les are heard over the greater part of one or both 
lungs, they vary greatlv in intensity at different points, consisting of 
bubbles of very unequal size, and are usually accompanied by dry rales 
(see p. 120); the vesicular inspiratory sound, further, is generally of the 
rough, harsh type, and a characteristic thrill is often felt by the hand laid 
on the chest-wall. These details are applicable also to the bronchial 
catarrh associated with pulmonary emphysema. But the rales of second- 
ary catarrh, catarrh consequent on condensation of the pulmonary par- 
enchyma, are more limited in distribution, being frequently confined to 
small circumscribed spots ; they are usually much finer, — as such catarrh 
mo3t commonly has its seat in the smaller bronchi, — are more seldom 
accompanied by dry rales, and are very rarely, and then but feebly, 
appreciable to the hand placed on the surface of the chest. 



5. Resonant and Non-Resonant (Toneless) Rales. 

Resonant (or sonorous) r^les are those in which a tone of somewhat 
musical quality is distinguishable, the non-resonant those which make on 
the ear the impression only of a non-musical sound or noise. The for- 
mer usually appear to the ear clear and high^ the latter dM and loto in 
pitch/ in well-marked, typical instances, therefore, the distinction be- 
tween the two varieties is easily made, while in the transition-forms, 
which are designated, on the one hand, as obscurely/ or approximately res- 
Ofiontj or on the other as almost toneless, much has to be left to the sub- 
jective appreciation of the individual examiner. — All fine, coarse, or 
medium-sized bubbling riUes, with the exception of the small uniform 
rale (the crepitant nlle), may become resonant under certain circumstan- 
ces described below. 

Resonant rdles arise only in consolidated lung-tiss^ie and in cavities, 
and should therefore be interpreted in the same way as bronchial respi- 
ration ; on the other hand, rales which originate in parts of spongy tex- 
ture are invariably non-resonant, — ^I'he cause of this resonance is to be 
found, not in Skoda's assumed consonance,* but in the favorable con- 
ditions offered by the dense tissue for the transmission of each individual 

* Skoda names the resonant r&le the eonsonaiing Me, in oonf ormity with his view 
of its origin. 



118 ▲ HANDBOOK OF FHTBICAL JUAOKOSIBL. 

sonnd to the surface. As the rile generslly loses its resonant qaality in 
passing through expansible, air-concaining long, it is usuallj toneless at 
some distance from its point of origination. — If in listening to a resonant 
nile special attention be directed to individual bubbles, it will be found 
that thejT do not all burst with the same musical sound, that manj, in 
fact, are absolutely non-resonant ; the more numerous the bubbles hav- 
ing the sonorous character the more distinct is the resonance ; this reso- 
nance is also ^^reater the more complete the consolidation of the lung, 
the closer the indurated part lies to the surface, and the lai^ger the bab- 
bles thrown up in the fluid. But it is far from being invariably the case 
that the r&les heard in condensed lung^substance are resonant ; they are 
sometimes perfectly devoid of the sonorous quality, this being speciallj 
apt to occur if the dense part is small, or if between the portions of 
solidified tissue the lung is still quite spongr in texture. 

But freauently, with well-marked physical signs of consolidation, — pe^ 
cussion-dulness and loud bronchial respiration, — the rales may appear non- 
resonant, whilst at a subsequent examination they may again be distinctlj 
resonant ; this change does not in all cases admit of ready explanation.^ 
The most clearly resonant Hlea are those generated in cavities situated dose 
to the surface of the lung and surrounded by dense, firm parenchyma. 

Thus, whilst rtsonaiit rales indicate with certainty the presence of 
condensation or excavation of the lung-tissue, non-resonant riUes do n(4 
necessarily exclude the existence of these conditions. In the absence of 
the resonant rale the diagnosis of consolidation of the lung-substanoe 
rests on the results of percussion (dulness), and of auscultation of the 
respiratory sound (bronchial breathing). In those parts in which the 
rales are of resonant quality the respiratory murmur may be bronchial, 
or amphoric, or indeterminate, but obviously never vesictdar. 

The 7i07i-resona7U rdles, yielding, as they do, no direct evidence as to 
the condition of the lung-substance, fall naturally into the category of 
indeterminate niles already mentioned. Sometimes, however, they bear 
no resemblance whatever to the usual sound of bursting bubbles, being 
of a peculiar creaking or crackling quality. Such a rale, which consti- 
tutes the transition-form between moist and dry r&les, indicates great 
swelling of tlie bronchial mucous membrane, and a scanty or very tena- 
cious secretion. These creaking rales occur very frequently both in pri- 
mary bronchial catarrh and in the catarrh which accompanies chronic in- 
duration of the lung. 

As the apices of the lungs are the parts most commonly affected by 
condensation it is here that the creaking and crackling sounds, — more 
frequently the former, — are oftcnest heard. These peculiar phenomena 
are observed only when the rales are scanty ; they appear, also, to origi- 
nate in the immediate vicinity of the ear, in the most superficial parts of 
the lung. — After remaining audible for a considerable period they may 
completely disappear, on account of diminution in the quantity of the 
bronchial secretion. In general their characters are subject to much va- 
riation, like those of all the other moist rales. 



Metallic Rales. 

The most exquisite form of the resonant r&le is termed the ringing^ 
metallic rdle. 

These rales are accompanied by a tone of genuine musical quality, 
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rery clear and of accurately determinable pitch. Frequently all the 
bubbles formed by the asptation of the fluid secretions have this ringing 
metallic character ; in other cases only a few of them possess it, while 
the remainder are obscurely resonant ; and in still another class of cases 
the rftle, especially when it consists of but a few bubbles altogether, 
pves the impression as of drops of fluid falling from a height with a 
sound of acutely metallic intonation. 

R4le8 of metallic timbre, especially single bubbles, may be best imi« 
tated by causing drops of water to fall some distance to the bottom of a 
metallic vesseL 

Lienuec employed the term metcUlic tinkling to designate the phe- 
nomenon just described, — the intensely metallic sound of single bursting 
babbles, simulating the dropping of water, occurring in large pulmonary 
excavations or in pneumothoracic cavities occupied by a certain quantity 
of fluid. It is certain, however, that the sound is exceedingly deceptive ; 
it is not produced by the dropping of fluid, but, as above stated, by the 
explosion of single bubbles, whose tone is intensified by resonance in the 
cavity. 

Kdles of metallic timbre arise exclusively in cavities of considerable 
size, as large, at least, as the closed fist, which are enclosed by walls of 
uniform density, and are situated near the surface of the lung. These 
are precisely the conditions enumerated as necessary to the occurrence of 
the metallic percussion-sound and of the amphoric respiratory murmur. 
But the free communication which, in order to the development of am- 
phoric respiration, must exist between the air of the cavity and that of 
the bronchus leading to it, and between the latter and that of the trachea, 
18 not an indispensable condition in the case of the metallic rale; this is 
obvious from the fact that in the somewhat rare cases in which there is 
absolute closure of the bronchus opening into a large cavity, — as indicated 
by the total suppression of the respiratory murmur, — the ringing metallic 
rile may be at once elicited by sharp coughing, when the fluid and air in 
the excavation are thrown into violent agitation. The metallic r4le has 
been justly explained as a true phenomenon of consonance^ in contradis- 
tinction to the simply resonant rale, which owes its peculiar qualities to 
the better conduction of sound through solidified tissue. Amongst the 
many resonant bubbles which go to constitute it, but few have the pure 
metallic resonance; these are they whose pitch corresponds to the proper 
tone of the cavity, and for them the cavity acts as a resonance-chamber, 
in which the ringing quality of the rale is intensified (compare Bronchoph- 
ony, p. 128). By using a suitable resonator, also, (see p. 73) the metallic 
sound may be greatly increased in intensity. It is often possible to 
recognize in the metallic rdle several tones (fundamental tone and over- 
tones) standing in harmonic relation to each other. 

In those cases in which this r&le is heard the respiratory murmur, — 
when not temporarily suppressed or rendered indeterminate by plueging 
of the principal bronchus, in which circumstances the metallic r&le also is 
wanting during the respiratory act and is audible only on coughing, — is 
amphoric (accompanied by a metallic echo), so that amphoric respiration 
and metallic tinkling have come to be shortly designated metallic phe- 
nomena, or, as they occur almost exclusively in cavities, as cavernous phe* 
namencL 
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The Sound of Succussion in Pto-fnsuxothobax. 

There remains for discussion a special varietj of the metallic- rile,— i 
iplashinffy accompaDied by a ringing sound, heard in cases in which the 
pleural sac is occupied by air and fluid (pyopneumothorax), on shaking 
the patient while the ear is applied to his chest. This method of explom- 
tion was practised by Hippocrates, — hence the name by which it is gen- 
erally known, Hippocratic t^ktccussion. On shaking a jug partially filled 
with water a fair representation of this sign is obtained. In some casei 
it is very feeble, appreciable only by immediate auscultation or throii|[fa 
the stethoscope, whilst in others it is audible even at a considerable dis- 
tance. 

In one patient who was under my care, suffering from pyo-pneunio- 
thorax on the left side, the splash could be heard in all parts of a huge 
class-room, when he raised himself quickly on his toes and dropped btiw 
again on his heels. 

When the cure of a pneumothorax is effected by the outpouring of a 
pleuritic exudation which, by its increase, gradually takes the place of the 
air, the sound of succussion is no longer appreciable. In encysted py(h 
pneumothorax also, especially if it be of limited extent, the splash ii 
wanting; and, further, it does not appear to be present even in every case ia 
i^hich the effusion is free and unconfined by adhesions, but only in those 
in which it is also of very fluid consistence (serous), and in that way 
easily thrown into commotion by shaking the patient. 

The splashing succussion-sound may also be observed in pulmonary 
vomicaSy when they are of the size of Uie closed fist at least, and contain a 
very abundant and thin fluid secretion; but as the latter condition is ex* 
ceedingly rare in phthisical and bronchicctatic cavities, it is only in very 
exceptional cases of this kind that the sound in question is heard. Gan* 
grenous cavities do certainly contain a secretion of this character, bat 
are seldom so large as to form a resonant chamber sufficiently spacious 
for the proper development of the splashing sound. 



Dby RAles. 

By this term are meant r^lcs which do not create the impression of the 
bursting of bubbles or of liquid in motion, but which are comparable 
rather to the whirr of a revolving wheel, to the crisp noise produced by 
walking on frozen snow, to the crackling of a dried bladder, &c. These 
comparisons come far short of exhausting the varied characters of the 
sounds under consideration; they cannot bo regarded as minutely descrip* 
tive of them, but merely as expressive of some of their most striking and 
prominent resemblances. A little practice, however, will soon enable any 
one to distinguish readily between moist and dry r&les. The transition 
from moist to dry sounds is gradual; the creaking and crackling sounds 
described on p. 118 may be taken as representing the forms intermediate 
between the two definite types, though they are almost entitled to be 
looked upon as dry r&les. 

The general diagnostic inference to be drawn from the presence of 
dry rAles, with reference to the condition of the bronchi, is that the mu- 
cous membrane is swollen^ and covered by a scanty ^ exceedingly viscoiu 
:secretion. 
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From these dry Men is to be carefully distinguished still another class 
of sounds, in which there is no longer to be found any trace of the char- 
acteristic features of the r&le; these are known as the anorinrfy hissing^ 
and whistling sounds. As the sensory impression produced by them cor^ 
responds exactly to that indicated by the names they bear (the sonorous 
rhonchusy for instance, resembling closely the deep tone of a bass strin^^), 
tlieir recognition presents no difficulty. These sounds are caused by the 
passage of the respiratory current of air through bronchi whose calibre is 
encroached upon by swelling of the mucous membrane, or which are at 
parts temporarily obstructed by plugs of mucus. These conditions alone 
are enough to render the respiratory murmur loud and harsh, as may 
easily be shown experimentally by blowing through caoutchouc tubes 
which are compressed at certain points ; but besides these causes the vi- 
bration of the prominent folds of the swollen mucous membrane and of 
the tough secretions adherent to them, take an important part in the pro- 
duction of the sounds. The siwring sounds (sonorous rhonchi) originate 
in the large and medium-sized bro7ichi, the hissing and whistling sounds 

1 'sibilant rhonchi) in the small and smallest air-passages. The former are 
ow-pitched, the latter high; and this is exactly in accord with the teach- 
ing of physical science — that the pitch of a tone, like that of a rfile artifi- 
cially produced in tubes, rises as the diameter of the chamber in which it 
is generated diminishes. These rhonchi are very common in chest affec- 
tions, and are most marked in acute and chronic bronchial catarrh — both 
in the primary form and in that which results from the various diseased 
conditions of the pulmonary parenchyma, especially emphysema; they 
are generally audible over a large part of one or both sides, sometimes 
even over the whole, of the thorax, and vary in intensity with the degree 
of the swelling of the mucous membrane and the lumen of the bronchi at- 
tacked by the catarrhal process. The loudest are the sonorous rhonchi, 
occurring in the large bronchi. The character of the sounds depends on 
the size of the bronchi involved, being snoring or hissing and whistling 
according as it is chiefly the large or the small air-tubes that are afTected; 
occasionally all three varieties are heard simultaneously, at the same or at 
different parts of the thorax. They are considerably louder than the 
moist rdles, and are appreciable, even at a distance from the patient, in 
both inspiration and expiration, sometimes throughout the whole of the 
respiratory act, as sighing, moaning, or cooing souikIs. As in these cir- 
cumstances the elasticity of the lungs is diminished and expiration pro- 
longed, the duration of the expiratory rhonchi is much longer than that 
of the inspiratory sounds. If the bronchi contain also a certain amount 
of fluid secretion moist rales are added to the dry sounds, and as fluid is 
found more frequently in the larger than in the smaller bronchi it is the 
sonorous rhonchus which is most often accompanied by niles (of the coarse 
or medium-sized bubbling variety), whilst the sibilant rhonchi are com- 
monly free from such indications of the presence of liquids in the air-pas- 
sages. The respiratory murmur is sometimes audible along with the so- 
norous or sibilant sounds; it is vesicular so long as the lung-substance re- 
mains permeable to air, or may disappear entirely, as in aggravated cases 
of pulmonary emphysema: it may be completely masked by the loudness 
of the dry rfiles, or may possess the characters only of indeterminate res- 
piration. All these dry sounds, which are shortly designated as catar- 
rhal, may be modified by the assumption of the ringing, resonant quality, 
when the lung-substance at the affected part is completely consolidated; 
it is scarcely justifiable, however, to base the diagnosis of consolidation 



122 A HAITDBOOK OF FHTSICAL DIAGKOSIS. 

on this sign alone, as even while the lung is perfectly expansible these 
rhoDchi show a g^reater tendency than anj of the other Mes to take on the 
character referred to; this is clearly indicated in the names applied to 
them, sonorous, sibilant, &c. It is only necessary to auscultate a few 
cases of severe emphysema attended by dry catarrh, to become convinoed 
of the frequent occurrence of this almost musical property of the dr? ct- 
tarrhal r&les. They are all, especially the sonorous rhonchi, appreciable 
on the surface as palpable fremitus (see p. 52), but may also become mi- 
recognizable, either by auscultation or palpation, for a longer or shorter 
period, or at least suffer considerable diminution in intensity, when the 
patient succeeds in expectorating some of the mucous secretions^ whieii 
in these cases are always scanty and tenacious. 

Several of the moist and dry rales, the special characters of which bave 
been described, may co-exist in the same individual. Or the different o^ 
ders of rules may assume the most diverse forms, merging into each otber 
through multiform modifications, and that not only at different stages of 
the morbid process but within very short periods of time, in the space of 
a few uiiiiules, for example, on coughing sharply. In the same way simi* 
lar rales may be observed accompanying very different respiratory ma^ 
murs; thus with vesicular respiration all the rales, excepting the reso- 
nant and the metallic varieties, may be heard, with indeterminate respi- 
ration rAles of every description, without exception, and with bronchiil 
respiration rales of all kinds except the genuine uniform crepitation* 



Pleuritic Friction-Sound, 

This phenomenon presents to the ear much the same characters whidi 
are felt by the hand in Pleural Fremitus (p. 51). It gives the sensation 
sometimes as of tiie lightest rubbing, if stronger, that of shuffling, grat- 
ing, or creaA'hiff, &c.; in tlic latter form, which is the most common, the 
sound is divided into several distinct portions of different intensity. It 
is sometimes audible only at the height of inspiration and the beginning 
of expiration, at other times, especially when breathing is vigorously car- 
ried on, throughout the whole of bcith phases of respiration. It is also 
generally, though not always, possible to form some preliminary concep- 
tion of the intensity which the sound should present to auscultation from 
the distinctness of the thrilling sensation communicated to the hand. In 
some cases it is only its rougher, or more striking features that are thus 
perceptible to the sense of touch, whilst the ear takes in not merely these, 
but also the fainter, less-marked indications; so that the signs of friction 
may j)ersist much longer to auscultation than to palpation. — Occasionally 
pleuritic friction is so feeble as to be recognizable only by the ear, but 
absolutely inappreciable by palpation, particularly when it is exceedingly 
soft and not jerky or interrupted. 

Very rough friction-sounds are accompanied by fremitus so easily de- 
tected and of so marked a character that to mistake them for any of the 
other chest-sounds giving rise to vibration which may be felt by the hand, 
— such as the rdles of diffuse bronchial catarrh (see p. 53), — is scarcely 
possible. And it is only with rAles perceptible to touch that friction- 
sounds are likely to be confounded, as the very general palpability of the 
latter constitutes a perfect diagnostic distinction between them and the 
non-tangible rales. That confusion should arise is scarcely conceivable, 
axcept in those cases in which the friction-signs are either so exceedingly 
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weak as to escape detectioa by the finger, when the diagnosis must be 
made by means of auscultation alone, or in the rare instances in which 
fremitus due to the presence of rales occupies a space as circumscribed 
as that of the friction-sound, though even here siuiple palpation suffices, 
as a rule, to establish the distinction (see p. 53) ; or, finally, when fric- 
tion-sounds and rales co-exist side by side. In all these cases, however, 
the diagnosis can easily be made by auscultation. To atMcuUatian rdles 
and friction-sounih are distinguisiied from each other by the following 
points: the former make on the ear the impression either of the bursting 
of bubbles, or of rough snoring, whistling, hissing, dn/ sounds, and un- 
dergo various modijicaiions on coughing, particularly with respect to the 
loudness, number, and size of the bubbles; the latter, on the contrary, 
show no trace of the acoustic properties expressed in the words moi^t- 
ness and dryness, while they are also absolutely uninfluenced by cough- 
ing. Friction-sounds, further, are not uncommonly intensified by the 
pressure of the stethoscope, as in this way the opposed surfaces of the 
pleura are brought into closer contact, and the friction increased at the 
part under examination; rales, on the other hand, are not affected by this 
manceuvre. 

JFriction-sounds may be associated with the most diverse varieties of 
dry or moist rdles, when the pleurisy is combined with diffuse bron- 
•ohial catarrh. They may be heard accompanying the respiratory hiur- 
mur, or the latter may be completely hidden by the loudness of the rub- 
bing; or the bronchial catarrh which so generally attends pleurisy may 
render the vesicular respiratory murmur so loud and harsh that friction- 
sounds existing in the same part of tiie chest, provided they are only 
of the rubbing or shuffling, not of the creaking character, are heard 
with extreme difficulty. In these and similar cases the question as to the 
possible association of friction-sounds with r^les may be most readily 
settled by repeated auscultation, especially when this is supplemented by 
a consideration of the phenomena produced by coughing and by superfi- 
cial and deep respiration. 

Pleuritic friction in the neighborhood of the heart is apt to be mis- 
taken for pericardial friction. But suspending the respiration distin- 
guishes between them at once : pericardial friction remains, pie uric fric- 
tion disappears. 

The pleuritic friction-sound is rarely heard at the beginning of an attack 
of pleurisy, as the inflammatory products seldom have, at that stas^e, the 
requisite degree of roughness, and the patient, also, is constrained to 
breathe very superficially, on account of the acuteness of the pain. In 
the succeeding stage of the disorder likewise, when effusion has taken 
place, there is no sound, as the roughened pleural surfaces are separated 
by the fluid. It is usually first observed when the process of absorption 
of the effusion begins, and the more rapidly this progresses the greater 
tbe number of points at which the sound becomes audible. It is not 
present, however, in every case of pleurisy, as the exudation is not invari- 
ably fibrinous, but is occasionally simply serous. Pleuritic friction is 
always wanting, therefore, in cases of transudation of fluid into the 
pleural cavity. The sound, further, is sometimes heard in pleurisy without 
effusion (pUuritis sicca), but only in circumscribed spots, usually those 
which the patient complains of as painful; it is then also usually of the 
light rubbing or shuffling character. 

When the friction-sound is absent in such cases the diagnosis of cir- 
cumscribed pleurisy rests, so far as anamnestic symptoms are concerned, 
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on the oconrrence of localized pain, increased in deep inspiration or ot 
exercising pressure on the spot in question. 

But circumscribed friction occasionally arises from quite other cansei: 
it may depend on fractures of the ribs, when the sound is produced, DOt 
merely by means of the fingers, by rubbing the fragments on each otber, 
but also by the movements of respiration; or on certain morbid conditionSi 
affecting primarily the osseous or cartilaginous portions of the ribs, tnd 
subsequently involving the adjoining part of the costal pleura, causing 
the deposition of inflammatory products upon it. — Inequalities of the 
surface of the visceral pleura, a somewhat rare condition, may also gen- 
erate friction-sounds. A case of this nature, occurring in a patient suf- 
fering from acute miliary tubercle, is recorded by jQrgensen; the fricdoo 
arose, as was seen on post-mortem examination, from the constant rubbing 
of the smooth costal pleura on the surface of the lung, which was closely 
studded with numerous little prominent tubercles. And even during the 
patient's life the sound, which was soft and widely distributed over the 
chest, perceptible both to the hand and to the ear, gave the impression 
of rubbing against a surface covered by a multitude of small excrescences. 



Auscultation op thb Cough. 

The cough of the patient is sometimes made use of as an aid to aus- 
cultation, but in many cases is also itself made the subject of direct ex* 
aniination. 

As an adjuvant to auscultation it answers many purposes: 

1. After repeated coughing inspiration becomes deeper and the respi* 
ratory murmur louder. 

2. Casual obstruction of the bronchi by plugs of mucus is removed 
by coughing, especially if followed by expectoration; communication be- 
tween the air-passages and the substance of the lung is thus re-established, 
and the respiratory murmur, previously suppressed or indeterminate in 
character, becomes clearer. The nature of the respiration after coughing 
depends on the state of the lung itself, being bronchial in consolidation 
or excavation of its substance, vesicular if it be still of spongy texture. 

3. Rales are often first called into existence, or are considerably intensi- 
fied, by coughing; it agitates the fluids which are lodged in the pulmonary 
vomicae and in the bronchi, throwing them into more violent commotion 
than ordinary respiration; it frequently also has the effect of collecting 
and driving the secretions into more confined spaces, and thus of increas- 
ing the number and intensity of the niles. During the cough, therefore, 
and in the deep inspirations following it, the r4les are heard with great 
distinctness. Occasionally, however, the rdles, notwithstanding the com« 
plete absence of expectoration, become weaker at certain parts after 
coughing, and stronger at others; this is plainly due to the shifting of 
the liquids in the air-passages. — These changes in the r&les, as the result 
of coughing, are observed with great frequency in diffuse bronchial 
catarrh. 

4. The ringing character of the metallic rAle is generally brought out 
by coughing, if it is not already observable in ordinary respiration. 

The cough itself is auscultated, as it develops certain peculiar acous- 
tic phenomena in consolidated lung-tissue and in cavities : it becomes 
exceedingly loud in solidified lung, louder, at least, than in lung which is 
permeable to air, and in large superficial cavities it further acquires a dis* 
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tinct metaUie ring. Auscultation of the cough alone, therefore, is suffi- 
cient to decide whether the subjacent part of the lung is solid, of spongj 
texture, or hollowed out into cavities. 

The cause of the greater distinctness of the cough over condensed 
tissue and excavations lies in the superior sound-conducting power of in- 
durated lung-substance. 

It remains now to discuss the cough as a symptom in diseases of the 
respiratory organs and its signification from a diagnostic point of view. 

Cough is produced by the sudden and forcible opening of the glottis 
by the expiratory current of air. It is frequently an entirely voluntary 
action; at other times it occurs independently of the will, as a reflex ac- 
tion, while the terminations of the sensory nerves in any part of the mu- 
cous membrane lining the air-passages, from the larynx down to the small- 
est bronchioles, are subjected to any abnormal irritation. The most sen- 
ntive part of the mucous membrane is that which protects the larynx 
(especially the inter-arytenoid region) and the trachea as far downwards 
as Its bifurcation; coughing ma^ at any time be artificially excited in ani- 
mals by irritating any part of this portion of the membrane (Nothiiagel, 
Kohts). The mucous lining of the bronchi is much less sensitive. These 
Tiews find ample corroboration in certain pathological observations; thus 
it commonly happens that most violent coughing is set up on the intru- 
sion of foreign bodies into the larynx, and that, further, if the efforts made 
to expel these bodies be unsuccessful, if they rather sink deeper into the 
bronchi, the coughing becomes less distressing and may finally entirely 
cease. — Irritation of the costal pleura, also, provokes coughing, while 
stimulation of the visceral portion is powerless to produce this effect, as 
has been shown by experiments on animals and some observations in the 
human subject. Whether coughing may be brought on, by reflex action, 
from irritation in the stomach, is still doubtful, though some of the phe- 
nomena met with in disease seem to point in that direction; it has never 
yet been accomplished experimentally. — Stimulation of the vagus in the 
seek, of the superior laryngeal nerve, and of the nerve-centres from which 
the constituent fibres of the vagus spring, induces attacks of coughing 
(Kohts); in those cases, therefore, in which coughing appears as a symp- 
tom accompanying some disease of the nervous system, and apart from 
the existence of any concurrent pulmonary disorder, — as in some instances 
of hysteria, — it may be referred to an abnormal condition of irritation in 
the course of the vagus. Further evidence of such a purely neurotic origin 
is found in the fact that the cough usually comes on in paroxysms, like 
that of tussis convulsiva. — Most attacks of coughing are preceded by a 
tickling sensation in the larynx, even when the affection which excites 
them is not located at that point, but in the bronchi. This tickling forces 
on the cough, or at least makes it difficult to refrain from endeavoring to 
find relief in that fashion. 

The. irritation necessary to the provocation of coughing, apart from 
the accidental admission of foreign bodies into the larynx, is furnished in 
diseases of the respiratory organs by the swollen condition of the bron- 
chial mucous membrane, or the presence of fluids in the air-passages, — 
such as bronchial mucus, inflammatory exudations, extravasated blood, 
pus, or serum; occasionally, also, simple engorgement of the lungs with 
blood, independently of any change in the mucous membrane, appears to 
be sufficient to cause coughing. Inasmuch, therefore, as almost all the 
diseases of respiration are, at some stage or other, attended by bronchial 
catarrh, localized or diffuse, it is plain that in almost all these affections 
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coughing^ can scarcely fail to be a more or less prominent symptom, last- 
ing either throughout the whole of the disorder^ or developed only ataomo 
particular part of its course. Coughing is thus a symptom of the grett- 
est importance in many diseases, especially in incipient phthisical affec- 
tions, as, in the absence of other indications, it is not unfrequently the 
first sign which directs the attention of the medical attendant to the luDga 

Complete absence of cough in pulmonary diseases, either during ce^ 
tain longer or shorter periods or during the whole of their course, is ex- 
ceedingly rare; the most probable explanation of such an occurrence is 
that in these cases the sensitiveness of the nerve-terminations in the bron- 
chial mucous membrane is blunted. This may take place even under physi- 
ological conditions: in sleep, for instance, this irritability is much less 
marked than during the waking hours; and in certain pathological cir* 
cumstances it may bo similarly affected, — as when there is disturbance or 
enfeeblement of the sensorial activity, in collapse, and in profound ex- 
haustion from disease. — But in the total absence of such morbid condi- 
tions, also, diseases of the respiratory organs may run their entire course 
without cough, — and it is these cases only which are above referred to ss 
"exceedingly rare." Nevertheless even in these instances it cannot be 
said that cough is absolutely wanting, but only that it is so trifling, and 
that it appears at such long intervals, that it escapes the patient's notice.* 

The frequency of the cough is variable: the intervals at which it oc- 
curs are very irregular, sometimes long, at other times short; at certain 
periods of the day, however, coughing is more frequent and violent, — ^in 
the evening, for example, especially in simple bronchial catarrh, or in the 
morning, shortly after waking from sleep, as in morbid processes of phthis- 
ical character. In general the frequency of the cough is directly propor- 
tionate to the intensity and distribution of the bronchial catarrh, increas- 
ing with each exacerbation of the affection and decreasing with the re- 
mission. Thus, emphysematous patients, and some others suffering from 
lung complaints, cough but little in summer, as the (secondary) bronchial 
catarrh almost disappears at that season of the year, while in winter both 
the disease and the cough return with all their former violence. Aggra- 
vation and mitigation of the cough, therefore, are signs which enalue us 
to form at least an approximate opinion with regard to the progress of 
the original morbid process going on in the lungs, though they are obvi- 
ously of such value only when the patient comes frequently under obser- 
vation. 

■ 

The cough presents great diversity in respect to its special characters; 
those vary according to the frequency of the cough, its intensity, its (one, 
and whctner it is moist or dry. 

1. Each attack may consist of one or of only a few short, slight expi- 
ratory efforts; 

2. Or of a series of several coughs, of somewhat greater intensity; 

3. Or of a constant and rapid succession of violent paroxysmal sell- 
ures, broken only by a few deep, usually sonorous, inspirations. 

The first variety, known in (xermany by the name niUtelny is met with 
most commonly in phthisical patients, and is regarded even among the 

* I hnvc never yet met with a case of total abeenoe of cough in lung disease. On 
earefnl croBs-examlnation of the patient one rarely fails in obtaining from him an af- 
firraative answer, even when the exietenoe of oongh is at first strennonsly denied. Vetj 
many patients, also, do not regard a slight hawking from wbioh they may suffer as a 
genuine cough. 
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laity as an ominous sign, thoueh it is oocasionally obserred in diseases of 
a non-phthisioal nature. This slight cough is generally not the only form 
which accompanies phthisis; it alternates very frequently with that de* 
•cribed as the second variety. In particular, the coueh which attacks the 
patient in the morning, soon after waking, is usually of a somewhat se- 
Tere and persistent character, as the bronchial secretions which have ac- 
cumulated in the air-passages overnight keep up a continuous irritation 
until expelled. Violent and prolonged coughing often excites vomiting, 
the sensory nerves of the stomach being irritated by the repeated and 
rough concussion. 

The second variety of cough is the most common; it presents itself in 
all the diseases of the respiratory organs. 

The third variety appears in its most typical form in tussis convulsiva, 
a disease of childhood which obtains its name from the nature of the 
cough. It occurs in distinct paroxysms of even several minutes' duration, 
separated only by a few deep, crowing inspirations; it is laborious and 
spasmodic, the countenance becomes darkly cyanotic, and the seizure not 
imfrequently ends in vomiting. In the intervals the fits of coughing are 
shorter and milder. In other diseases of the respiratory organs also the 
cough sometimes takes on this spasmodic character, but the attacks are 
then of shorter duration and not so typical. — ^The classification of the 
cough with regard to its intensity is embraced in the three foregoing cat- 
egories; it is least marked in the first form (hUstdii)^ most marked in the 
spasmodic cough, and also, as in dry bronchial catarrh, when the secre- 
tions are very tenacious and therefore expectorated with some difficulty. 

The cough is designated as moist or dry according as it is accompanied 
or not by expectoration. At the outset of any disease of the organs of 
respiration, especially bronchial catarrh, when the mucous membrane is 
still merely congested or swollen, but not yet covered by secretion, the 
cough is invariably dry; at a later stage it becomes moist. The expul- 
sion of an offending portion of mucus is not generally affected by a single 
effort of coughing, and the process is the more difficult and troublesome 
the more deeply situated the part of the air-passages from which the se* 
cretion has to be brought. 

The tone of the cough is exceedingly variable, and depends chiefly on 
the character of the cough in other respects, — whether it is forcible or 
feeble, moist or dry. The more violent the cough the clearer its tone, the 
feebler it is the duller its tone. It is also clearer when dry, and scantier 
when moist. The cough of laryngeal and tracheal catarrh, when very dry, 
is not unfrequently of a peculiar loud, clear character, (the '^ barking 
cough " of the laity). If the cough be dry and extremely laborious it is 
generally accompanied by a hissine sound, audible at some little distance 
from the patient, due to the forcible rush of air through the glottis; this 
same sound, moreover, is heard in every variety of cough, when auscul- 
tated by means of a stethoscope. It is a matter of daily experience also 
that the tone of a moist cough is subject to great modification by being 
mixed with the sounds caused by the agitation of the expectorated fluids. 

From these considerations it will be seen that, apart from the very 
characteristic phenomena of hooping-cough, there is in general nothing 
in the nature of the cough that throws much light on the actual morbid 
changes going on in the lung^; at best it is only when taken in conjunc- 
tion with the previous history of the case, especially as regards duration, 
that it assumes any diagnostic value. This dia^osis is most easily made 
in cases of chronic character, in which the principal question to be settled 
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is simply whether phthisis exists or not; but even here the Datnre of the 
cough is not the sole, or even the diief, guide, — ^it should be supported 
by a minute physical examination of the chest, and an inquinr as to the 
presence or absence of the other phthisical signs, emaciation, etc. 

It is not merely in diseases of the lungs themselves that cough is ob- 
served; it occurs also in affections of the pleura (pleurisy, for instance), 
but always in its less marked forms. In such cases it probably irises 
from irritation of the sensory nerves of the pleura, partly also from the 
slight bronchial catarrh which often attends inflammation of the pleari.^ 
Cardiac diseases excite cough only when they set up secondmrj conges- 
tive catarrh of the lungs. 

Auscultation of the Voicb. 

The vibration of the thoracic parietes, caused by the voice, and felt 
distinctly on the surface as pectoral fremitus, has already been discussed 
in the section on Palpation (see p. 49). 

Auscultation of the voice is also frequently employed as a <^agnostic 
aid in diseases of the organs of respiration, to supplement or oonfinn the 
results obtained by auscultation of the respiratory murmur. 

When the respiratory apparatus is in its normal condition the words 
spoken by the person under examination are absolutely indistinguishable 
from each other, either through the ear applied directly to the dhest-wtU 
or througii the stethoscope; the voice is heard merely as an undefined 
buzzing. The intensit}*^ of this sound at any part corresponds exactly to 
that of the vocal thrill; the conditions, therefore, on which depends the 
greater or less audibleness of the voice at any point on the surface of the 
thorax, are precisely those formerly enumerated as similsrly affecting the 
intensity of the pectoral fremitus. 

Pathological alteration of the voice, with respect to the distinctness 
with which it is conducted through the tissues to the surface, takes place 
in one of two directions : the voice mav be rendered so feeble as to be 
totally inaudible ; or it may be intensified to such a degree that a large 
number of the words become clearly articulate, and the auscultator his 
the impression as if the patient were speaking directly into his ear. In- 
crease of the intensity of the voice is termed bronchophony; amphoroph- 
ony (a metallic ring or echo produced by the voice), and segophony (the 
bleating voice), are modifications of bronchophony. 

Enfbeblemext of the Voice. 

The sound of the voice, at the surface of the chest, is weakened or 
suppressed by the same conditions which lessen or abolish its percepti- 
bility to the hand, that is, by copious pleuritic exudation, pneumothorax, 
and to a moderate degree also by the presence of a large quantity of 
fluid in the air-passages (see p. 50 et seq,) 

IxcBEASB In the Intensity op the Voice. Bronchophony. 

Broncophony, like bronchial respiration, occurs as a physiological 
phenomenon, in the larynx and opposite the bifurcation of the trachea ; 
but at the latter level it has already lost much of its force, and is heard 
only to the right of the vertebral column. 
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JPathologimUyj bronchophony may occur at any part of the thorax ; 
but other conditions being equal, it is louder superiorly, both in front 
and behind (in the interscapular space), than it is inferiorly. In its more 
exaggerated forms its recognition is easy without the institution of any 
comparison with the healthy sounds ; when its special characters, how- 
ever, are less markedly developed, such a companson is necessary, with 
the vocal resonance at the corresponding points on the sound side of the 
chest, or indeed with that at any part of the lung which may have pre- 
served its normal texture. 

Bronchophony is invariably an indication that in the region auscul- 
tated the lung is somewhat extensively consolidated or contains a large 
cavity enclosed by solid walls. 

The expression " consolidation of the lungs " embraces a well-known 
class of pathological processes, amongst which the hepatization of pneu- 
monia and caseous condensation (phthisical) are found to be the com- 
monest causes of bronchophony. — Ihis intensification of the voice-sounds 
is observed more often in phthisical than in bronchiectatic vomicae, the 
former being more favorably situated for its development ; it is but sel- 
dom, also, that gangrenous cavities attain sufficient size to give rise to 
bronchophony. — In very large phthisical excavations bronchophony has a 
metallic, ringing character, exactly as in the case of the respiratory 
murmur and the cough (see p. 124). This ringing sound, however, is not 
so loud as that which accompanies the coueh, as the latter throws the 
air within the cavity into more powerful vibration ; phthisical patients 
presenting caverns in the lungs, also, are usually greatly reduced in phys- 
ical strength, the voice, therefore, is weak, and is further frequently ren- 
dered husky from concurrent laryngeal affection. 

Bronchophony has, with regard to the determination of the physical 
condition of the lung, exactly the same diagnostic signification as the 
bronchial respiratory murmur, and in all instances its occurrence, its 
distinctness, its temporary disappearance and its reappearance, are de- 
pendent on precisely the same circumstances as in the case of bronchial 
respiration ; this is true more particularly with reference to the size of 
the condensed part or of the cavern, which must be at least so large as 
to include one of the more important bronchi, and to the free communi- 
cation which must subsist between this bronchus and the trachea (see 
p. 50). 

Since bronchial respiration and bronchophony arise from the same 
causes they are aiways found associated, though not invariably of equal 
intensity. The presence of large accumulations of fluid in the condensed 
portions of the lung or in cavities, irregular infiltration of the alveoli, or 
the existence of spongy lung-substance between patches of consolidation, 
diminish the clearness of bronchophony, or prevent its development alto- 
gether. — Like bronchial respiration, it is always combined with increased 
pectoral fremitus, — a fact the reasons for which are self-evident ; but 
much finer shades of difference may be detected by auscultation than by 
palpation, and when, moreover, bronchophony is confined to a very cir- 
cumscribed area, examination by the latter method gives very unreliable 
results. It is customary, therefore, except in cases of copious pleuritic 
effusion and other affections which render large parts of the lung void of 
air, to investigate the anomalies of the voice by auscultation rather than 
by palpation. 

Lsenneo drew a sharp line of demarcation between two forms of in- 
crease in the intensity of the voice, — ^pectoriloquy and bronchophony. 

9 
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By the first term he designated the loud and exaggerated quality of Toice 
heard in very lar^e and superficial pulmonary caverns. But pectoriloquy 
is in no essential respect different from bronchophony; it is simply the 
same character of voice in its highest degree of intensity. If so disposed, 
therefore, one may, with Skoda, distinguish between a faint and a loud 
bronchophony, the latter being merely Lsennec's pectoriloquy, though 
these slight differences have no particular diagnostic meaning, just as 
there is no special physical condition corresponding to loud and feeble 
bronchial respiration. — Bronchophony is generally loudest in cavities; 
but this is not the invariable rule, as it is occasionally observed to be 
weaker in such circumstances than in tissue which is simply infiltrated, 
but free from excavation. 

Bronchophony is also heard when the lung is compressed by pleuritic 
exudation, but only at those parts of the chest at which the dense lung is 
in immediate contact with the chest-wall, that is, posteriorly, between 
the vertebral column and the scapula, when the effusion is non-encysted. 
— One condition which seems to be essential to the development of bron- 
chophony is that the larger bronchi must still be patent, to permit the en- 
trance of the waves of sound; should these too be closed by reason of the 
greatness of the pressure bronchophony is wanting. At those parts, on 
the other hand, at which the lung is separated from the chest-wall by the 
effusion, the vocal resonance, like the pectoral fremitus, is feebler than on 
the sound side. Nevertheless, all exudations do not offer the same oppo- 
sition to the transmission of the voice-sounds; Baccelli has shown that 
the more fluid and homogeneous the effusion the more easily and com- 
pletely is it penetrated by the vocal vibrations, and that in favorable cir- 
cumstances even a whisper may be audible through effusion; but through 
fibrinous, and particularly through purulent exudations the waves of 
sound pass with difficulty or not at all. There is thus a possibility of as- 
certaining, by auscultation of the voice, especially of the whispered voice, 
whether the exudation is serous, fibrinous, or purulent. To facilitate the 
appreciation of these differences in the intensity with which the voice is 
conducted Baccelli recommends that the auscultating ear should be 
pressed firmly against the spot under examination, that the other ear 
should be closed with the point of the finger, and that when the patient 
speaks, either aloud or in a whisper, he should turn his face away from 
the head of the examiner. 

Compression of the lung from other causes than the presence of fluid 
is seldom so extensive or so complete as to offer conditions favorable to 
the production of bronchophony; for the same reasons, also, pneumo- 
thorax is not characterized in every case by bronchophony, and in those 
instances in which it does occur it is heard only posteriorly, where the 
collapsed lung lies close to the spinal column, whilst anteriorly and later- 
ally the voice is weakened or suppressed. 



Physical Cause of Bronchophony. 

The cause of bronchophony is to be found in the superior sound-con- 
ducting power of impermeable lung-tissue. This increased vocal reso- 
nance is never observed in the thorax in health, as spongy expansible lung 
is composed of non-homogeneous (dense and rare) media, namely, air and 
pulmonary substance, or the tissues forming the walls of the bronchi; the 
vocal sounds are thus constantly refracted, and therefore weakened. But 
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should these unfavorable conditions be removed by pathological processes 
which render a large part of the luDg more or less solid, and so change it 
into a body of uniform consistence, the development of bronchophony is 
certain. — This theory, which was first started by Laennec, and which has 
already been described in detail when treating of the causes of bronchial 
respiration, explains in a perfectly satisfactory manner all the phenomena 
of bronchophony. 

In accounting for both bronchial respiration (see p. 104) and bron- 
chophony Skoda combats the idea that either of the phenomena arises 
from the better condition of the voice-sounds through the dense pulmo- 
nary parenchyma; the incorrectness of his views on this subject, however, 
has been shown on the above-mentioned page. This, nevertheless, seems 
to be the most fitting place in which to discuss fully the theory of conso- 
nance, which Skoda brings forward as the cause of bronchophony in all 
cases in which it occurs. He develops his theory in the following way: — 

When the voice as heard in the thorax has the same intensity as at 
the point at which it is formed (the larynx), we have to do with a condi- 
tion which must obviously have its origin in one of two ways: either the 
voice is concentrated whilst being propagated from the larynx to the ear 
of the observer, — the principle on which the speaking-trumpet is con- 
structed, or it is reproduced and intensified by consonance. Should the 
voice be louder in the thorax than over the larynx the conclusion that 
this change is the result of consonance is unavoidable. — The voice as it 
issues from the mouth is augmented in volume and force by consonance, 
the shock of the original sound generated in the larynx throwing the air 
in the buccal and nasal cavities into simultaneous vibration; closure of 
the mouth and nose, also, produces an immediate alteration in the timbre 
of the vpice. The vocal sounds must further consonate in the air of the 
trachea and bronchi in the same way as in the air-spaces just mentioned 
(the pharynx, mouth, and nose) ; this is clearly indicated by the pulsation 
of the trachea in speaking. But this vibration is not transmitted directly 
through the walls of the larynx and trachea to the bronchi, this being pre- 
vented by the dissimilar structure of these parts, otherwise bronchophony 
should be heard over the whole of the thorax ; the voice can therefore con- 
sonate only in the air of the bronchi, and that only when this air is pent 
up in an enclosed space, as in the sounding-board of a stringed instru- 
ment. In normal circumstances, however, the bronchi constitute but very 
imperfectly enclosed spaces, their parietes being composed of non-homo- 
geneous tissues; thus, whilst the trachea and its two primary divisions 
are tubes of a perfectly uniform cartilaginous structure, forming chambers 
well adapted for the manifestation of consonance, the bronchi immedi- 
ately beyond are not surrounded on all sides by complete rings, their walls 
being strengthened only by small cartilaginous plates, which become 
fewer and thinner the further the ramifications of the bronchi are followed 
out, and finally disappear entirely in the bronchioles. The voice in these 
bronchi, therefore, becomes progressively weaker and is ultimately almost 
lost to the ear, its sonorous waves being broken up and dispersed through 
the substance of the lung and the thoracic parietes. But if the walls of 
the bronchi become more solid, and so acquire a uniform structure, by 
morbid processes which condense the pulmonary parenchyma and render 
it void of air, the air-passages are transformed into closed spaces, sur- 
rounded by dense ris^id parietes, and present then the most favorable con- 
ditions for the development of consonance of the voice; that is, the air 
within them is caused to vibrate by the voice, and the vibrations so 
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aroused are reflected by the firm walls and go to add to the force of the 
originally feeble waves of sound proceeding from the larynx. Intensifi- 
cation of the voice in this manner furnishes at least one explanation of 
the fact that it is occasionally audible over the thorax even in the pres- 
ence of conditions which hinder its free transmission to the surface; but 
it seems probable also that these reinforced voice-waves excite the sur- 
rounding airless dense tissue to simultaneous vibration, exactly as in the 
case of the walls of the larynx, so that the voice reaches the ear of the 
auscultator unimpaired in intensity. 

In the first place it must be stated that the circumstance on which this 
theory is chiefly founded, — that the voice in the thorax is, under certain 
pathological conditions, louder than over the larynx, — is one of exceeding 
rarity, and one the existence of which seems to me, in common with many 
other observers, to be open to doubt ; but even if such cases do occur they 
offer no conclusive proof that the voice as generated in the larynx is 
weaker than that heard over a pulmonary cavern or consolidated lung- 
tissue, as in auscultating over the larynx only a portion of the laryngeal 
voice-waves which pass in a downward direction in the air-passages is 
collected in the tube of the stethoscope, the latter being placed perpen- 
dicularly on the surface, — an unfavorable position for receiving the whole 
of the sound. To ascertain the real strength of the laryngeal voice it is 
necessary to auscultate in the mouth, and here the voice is found to have 
such a degree of intensity as it never has over the thorax. And Skoda's 
argument that the same obstacles are encountered in the propagation of 
the voice through the thoracic parietes as through the wall of the larynx, 
is inapplicable to very large and superficial caverns, — and it is only in 
such cavities that very loud bronchophony is heard, — as in these the 
waves of sound reach the ear undiminished in intensity, being transmitted 
in the direction of the periphery of the lung, that is, exactly in the direc- 
tion of the stethoscope (Wintrich). — Further, the assertion that the 
vibration of the larynx in speaking is communicated only to the column 
of air enclosed by the bronchi, is incorrect; the walls of the bronchi also 
are caused to vibrate. — Apart from these cpnsiderations, on purely 
physical grounds, the theory of consonance is rejected by many author- 
ities (Wintrich, Schweigger, &c.) as untenable as an explanation of the 
causation of bronchophony in most of the cases in which it is observed. 
Thus, in enclosed spaces the air can consonate only with tones whose 
sound-waves are of equal length, and therefore of equal height, that is, 
usually with only one tone, the fundamental tone; and further when this 
fundamental tone is characterized by a certain degree of intensity conso- 
nance may take place with those sounds to which it bears a harmonic rela- 
tion (1:2:3:4, &c., that is, its octave, its twelfth, its double octave, 
&c.) — in other words, with its higher harmonic sounds. 

Skoda is also of opinion that the air-containing spaces in the lungs 
cannot be properly compared with those formed by closed tubes, which 
are capable of entering into consonance only with certain sounds ; he 
holds that the bronchi, or pulmonary excavations, are rather " air-spaces 
of very varied form and structure, differing widely as regards their mode 
of communication with the larynx, so that the number of their consona- 
ting notes must of necessity be large, and that the compass of the voice 
in speaking is not so great that enclosed spaces of so exceedingly diverse 
conformation are unable to supply the appropriate harmonic sounds.'^ — 
This, however, is a somewhat forced argument; if such spaces, adapted 
to the production of consonance with any tone whatever, really existed in 
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the lungs, the thoracic voice at parts corresponding to the situation of 
palmonarj cavities should, even in speaking, and still more when tones 
of different pitch are sounded, show great differences in intensity accord- 
ing as the original tone is or is not in unison with the proper tone of the 
cavity. But this is not usually the case; it is only in very large excava- 
tions, (but never in simple consolidation of the lung), that signs are ob- 
served which point unquestionably to the presence of consonance of the 
voice in the lungs. Such an indication is the formerly mentioned (p. 
129) ringing metallic quality acquired by the voice-sounds, amphoroph- 
ony, heard when single words are spoken in a tone of a certain pitch. 
The applicability of Skoda's consonance-theory is therefore limited to 
the so-called metallic (amphoric) phenomena which may accompany the 
voice, the cough, the respiratory murmur, and rales (see pp. 106 and 118). 

^GOPHONY. 

This term is employed to designate a peculiar tremulous, interrupted 
quality of voice, which in timbre resembles the bleating of a goat, the nasal 
twang of the human voice when the nostrils are closed, or the sound pro- 
duced by speaking against a comb which is covered with paper and held 
in front of the teeth; it very frequently creates the impression also as if 
it came from a great distance. It is very commonly met with in cases of 
moderate pleuritic exudation, (not if the effusion be exceedingly abun* 
dant or of very small amount), usually towards the upper margin of the 
fluid; it is most often heard in the space included between the axillary 
line, the inferior angle of the scapula, and the vertebral column. All the 
sounds uttered by the patient do not assume the bleating character, and 
those which do so have not all the same timbre. When such a change, 
from the bleating to the non-bleating voice, takes place in pleurisy, the 
former is higher in pitch and seems remote from the ear, the latter deep- 
er and closer to the ear. 

^gophony lasts, in some cases, for a considerable length of time, 
when the condition which gave rise to it, the presence of exactly the re- 
quisite amount of fluid in the pleura, undergoes no change; but it quickly 
disappears on increase of the exudation. 

^gophony is most probably produced by the vibration of the walls of 
the flattened, compressed bronchi; this vibration is excited by the voice, 
and transmitted to the thin layer of fluid which, at the upper part of the 
exudation, lies between the lung and the chest-wall. This tremulous 
movement of the sides of the bronchi gives the voice-sounds a quavering, 
interrupted character; and as they have to pass through a fluid medium 
to reach the surface they lose in clearness and precision, and acquire the 
nasal twang. 

The diagnostic signification of aegophony, so far as it reveals the phys- 
ical condition of the pulmonary substance in pleurisy with exudation, 
is the same as that of bronchophony, of which, indeed, it is simply a 
modiflcation. It is not unusual to find aegophony and ordinary bronchoph- 
ony in the same patient, and at points not far distant from each other. 

According to Skoda, aegophony occurs not only in cases in which there 
is fluid in the pleura, but also in the absence, of such fluid, in some cases 
of pneumonia, in caseous pneumonic infiltration of the lung substance, 
with or without excavation, and sometimes even between the shoulder- 
blades of children in perfect health ; no satisfactory explanation has yet 
been offered of its causation in such circumstances. 



EXAMINATION OF THE SPUTA. 



AutosT kII diseases of the organs of respiration are aooompanied by 
more or less considerable catarrh of the bronchial muoous meniDrane, the 
secretions resulting from which are expelled by coughinff. This cough- 
lag is characteristic of the expectoration of fluids secreted by the lining 
mernbranc of the respiratory apparatus proper, those from the pharynx or 
nares being got rid of by a quick, hawking expiration. Expectoration 
may also be entirely wanting at various stages, or during the whole coune, 
of the pulmonary affection; its absence therefore does not exclude, nor 
docs its presence prove, the existence of disease of the respiratory organs. 
Still another source of error has to be guarded against: the secretions 
may pass downward from the fauces or nose into the larynx, and are then 
naturally discharged by coughing. 

The sputum in the different diseases of the lungs consiats of very 
diverse morphological and amorphous elements, by which its appearance 
and general characters are so modified that a rough estimate of its com- 
position may usually be made even on examination with the naked eye, 
though its exact constitution can be determined only by means of the 
microscope. 

Morphological Elements of th8 Sputa. 

1. Epithelium. — The expectoration usually contains pavement epitheU- 
um, more seldom columnar epithelium, most rarely of at) ciliated epithelium. 

The pavement epithelium may be derived from the upper portion of 
the air-passages; it usually comes from the buccal mucous membraue, 





however, and is mechanically mixed with the sputum in the passage of 
the latter through the mouth. 

It is easily recognized by the polygonal outline of the individual cells, 
by their size, and their large nucleus. 

Epithelium of this kind is most abundant in the sputa of those aaffer- 
ing from catarrh of the pharynx and mouth. The epithelial cells of the 
deeper layers of the buccal muoous membrane are more flattened, have a 
very indistinct nucleus or none at all, resemble more the cells of the epi* 
dermis, and are in no way distinguishable from the pavement epithelium 
of the upper part of the air-passages. 

Columnar epithelium is somewhat rare as a constituent of the sputum, 
though the air-passages are lined with it from the larynx down to the fin- 
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tat bronchioles. Its sttacbment to the mnooiiB surface is of the most 
intimate nature, severe catarrhal swelling of the membrane, or even de- 
structive morbid processes, being insufficient to separate it in any quan- 
tity. The epithelium of the pulmonary alveoli, occasionally, though 
rarely, sppe&rs in the sputum. 

Ciliated columnar epithelium is very seldom present in the expectora- 
tion in diseases of the air-passages ; it is found oftener in catarrhal s 
tions coming from the mucous membrane of the nose 
and thesinusesconnected nith it. iVt^ 

Z. .Am corputdea (oolorless blood-corpuscles). — \n 
These are simply the white blood-corpuscles, which 
pass through the walls of the capillaries in inflamma- 
tion (Cohnneim); they occur in variable proportion, 
according to the intensity of the catarrh or inflamma- 
tory process, and are sometimes so abundant as to 
form the sole representatives of the morphological 
element in the expectorated matters. The sputum 
acquires certain macroscopic characters, which vary 
with the amount of pus present ; it is thus rendereti more o 
and yellow or yellowish -green in color. 

Besides pus corpuscles there may usually be recognized in the sputa 

tnacua corpuscles, shrunken or fatty cells, cell-nuclei, and granular masses. 

3. Jied Mood-corpuacies. — Blood is expectorated sometimes 

^ merely in traces, at other times in more perceptible quantity, 
and occasionally so abundantly that it seems free of any inter- 

®j^ mixture with other matters, and itself to constitute the whole of 
^) the sputum. The presence of even the smallest trace of blood 
^. si.— is generally indicated by its color; but if the tinge be so slight 
po.^* as to leave any doubt, the question may be easily settled by ■ 
microscopic examination. 

Blood -corpuscles in the sputum exhibit their normal histological form 
and color, as they are placed in precisely similar conditions as while still 
in circulation, that is, they are in 
a fluid of alkaline reaction, and 
containing alkahne salts. No dis- 
tention or discoloration of the cor- 
puscles takes place, therefore, from 
absorption of water; it is only 
when the quantity of blood pres- 
ent is very small, and the propor- 
tion of water consequently large, 
that the phenomena of diffusion 
are observed. 

4. Z>U>ria of hmg-tUsue. — Etca- 
tic fibres. — These are met with in 
the sputum only in those diseases 
which involve destruction of the 
tissue of the lungs and bronchi, — 
caseous pneumonia, bronchiectasis 
with ulceration of the bronchi, and . 
pulmonary abscess. The portions of 
sputum in which they are suspended may often be distinguished, by their 
dull gray opaque color, from the clearer mass of the expectoration. On 
being allowed to stand for a short time in a vessel they smk to the bottom 
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Fxo. S8.—ElMtio fibre from Bpatnm. 



with the heavier constituents, which are generally free of air-bubblea. The 
elastic fibres appear either as isolated, detached filaments, or collected 
into bundles, and these may be either straight or coiled and twisted; oc- 
casionally, also, they are interlaced after the fashion of trellis- work, or are 
so perfectly meshed as to closely resemble a net, and in the latter case 

present exactly the 
appearance of the 
fibrous framework of 
the alveoli. Thevare 
brought markedly in- 
to prominence by 
their dark color when 
under a powerful 
light, particularly on 
the addition of acetic 
acid, which renders 
the rest of the tissues 
more t ran sparen t, but 
has no effect on the 
elastic fibres. 

The presence of 

elastic fibres may generally be regarded as diagnostic of phthisical dis- 
organization of the lungs, phthisis being the most common of the pul- 
monary diseases leading to destruction of tissue. Lung-tissue, however, 
occurs also in. the sputum in cases of pulmonary abscess, of ulceration of 
the bronchi, and of bronchiectasis, but not, or only for a short time and 
in small quantity, in cases of gangrene of the lungs. In the last-named 
affection the elastic fibres are destroyed by the action of some imper- 
fectly known substance, which is apparently of the nature of a ferment 
(see p. 154). 

The discovery of these fibres in the expectorated matters in phthisis 
gives no indication as to the exact seat of the morbid process; they may 
come either from the walls of the alveoli or from those of the finer bron- 
chi. The distinction which was formerly made, according to which the 
long, straight or slightly coiled fibres were supposed to belong to the 
bronchi, and the reticulated fibres to the alveoli, is now gener- 
ally admitted to be erroneous. 

Schroder van der Kolk and Remak, who seem to have 
studied and written upon this subject simultaneously, were 
the first to direct attention to the presence of elastic fibres 
in the sputa. 

Large fragments of lung-tissue are very rarely found in 
the phthisical sputum, and then only when the cavities formed 
are of very considerable dimensions. Smaller pieces, usually 
laden with a most offensive odor, are very frequently seen; 
being heavy they sink to the bottom of the receiving-glass on 
standing for a short time. They contain amorphous, diphthe- 
ritic detritus, derived from the walls of the excavations. 

Unstriped, muscular fibre, fragments of cartilage (from 
the bronchi, in cases of bronchial ulceration), and connective 
tissue, are also occasionally observed in the sputum. The 
last-mentioned constituent appears as small particles or mem- 
branous shreds, opaque, and dark gray in color, easily separated from the 
rest of the sputum by diluting with water; microscopically, on the addi- 
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tioa of uietio Miid, these shreds h&ve the appearance of an amorphous 
tissue, thickly beset with black pigmentary granules. 

5. Fibrinoua coagtUa, — These are firm co&gula of somewhat variable 
size, enveloped in the mucus of the sputum, of a whitish yellow color, modi- 
fied with a slight tinge of red, and generally recognized by their property 
of adhering to the sides of the expectoratiDn-giaas when it is tilted over 
or turned round; they are often observable only after washing with water, 
which unrolls them and causes them to assume a nearly pure white color. 

They consist of masses of coagulated fibrin, dichotomously branched, 
forming almost perfect casta of the finer bronchi. Rarely they exhibit 
ramifioations of some considerable extent; more often they are broken 
short off, and are composed of rudimentary and exceedingly delicate fila- 
ments, the finest of which are visible only through a magnify iiig-gUss. 
In certain very rare instances these coagula occupy ail the bronchi of one 
of the lobes of a lung, reaching as far upwards as the principal bronclius; 
this has been noticed by Lebert in a series o( cases of epidemic influenza 
(Grippe). They are always the result of a fibrinous bronchitis, and occur 
very frequently in the croupous pneu- 
monia of adults, which is generally 
accompanied by a fibrinous inflamma- 
tion of the finest air-tubes. They ap- 
pear in the sputum from the beginning 
to the acme of the stage of hepatiza- 
tion, that is, usually from the third to 
about the seventh day of the disease, 
but are absent in the first stage, as 
exudation has not yet taken place, and 
in the third stage, the plastic exuda- 
tion having then become fluid and in 
great part absorbed. In these later 
days of the affection, however, small 
fragments of fibrin may still be seen 
in the exudation discharged by expectoration, but they consist merely of 
miuute flakes, showing no trace of dichotomous subdivision. Not uncom- 
monly (in about 10 — ^0 per cent, of the cases), fibrinous coagula are entire- 
ly wanting in pneumonia, when the sputum is scanty and the patient weak 
and exhausted and unable to cough with any degree of force; in such 
cases, alao, much less fibrinous matter is exuded than in more robust 
persons. — In the catarrlial pneumonia of children and the aged, and in 
chronic interstitial pneumonia, the bronchi are free of fibrinous exuda- 
tion; in these conditions, therefore, fibrinous matters are never met with 
in the sputa. 

Fibrinous costs of the bronchi are most numerous and most perfectly 
formed in coses of croupous bronchitis, acute as well as chronic. 

The characters of the costs vary with the intensity of the morbid pro- 
Oess and the calibre of the passages attacked by the croupous affection ; 
in well-marked cases they are of considerable size, the primary stem 
being thick and rough, the dichotomous system of subdivision being 
followed out even to its smallest branches, till the ultimate twigs become 
of capillary fineness and display o beautiful whitish coloration. They 
are usually rounded, though some are also slightly compressed or ribbon- 
shaped, and are either solid, or contain, especially in the larger trunks, a 
small central canal. Occasionally they attain a length of 5 — 8 cmtr.; 
the thicker branches are also firm in consistence, the finer twigs softer. 
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Such coagula may continue to be expectorated for weeks, months, or 
even years, though variable intervals occur in which simply catarrhal, 
not fibrinous, sputa are discharged, or in which the patient may even enjoy 
perfect health. Relapses are frequent ; in two out of three cases whicn 
came under my own notice the fibrinous bronchitis recurred after inter- 
vals of some years' duration. — The objective symptoms of croupous bron- 
chitis are simply those of dry catarrh ; it is therefore not usually re- 
garded as a serious disease. In some cases, nevertheless, the size of the 
casts, and their distribution over a wide area, have led to death by as- 
phyxia. 

These fibrinous coagula were not unknown to the physicians of the 
seventeenth century, who wrote of them as Polypi, In 1845 Remak re- 
discovered them in the expectoration of pneumonic patients, and first 
made out their true nature. 

6. Crystals, — Those which occur most frequently in the sputum are 
the crystals of the fatty acids, which, though formerly thought to be 
simply margaric acid, are now known to consist of a combination of pal- 
mitic and stearic acids. Under the micro- 
scope, with a magnifying power of 300 di- 
ameters, they have the appearance of long, 
slender, colorless needles, lanceolate in shape, 
usually straight, sometimes curved, and oc- 
casionally also somewhat varicose. They are 
sometimes observed singly, detached from 

Fio. S6.-^y8tale of ftttty adda «*C*\ ^^^«''» ^\ O*^^'' ^^™®S grouped in tuftS 

or sheaves. In the sputum they are alwavt 
found adhering to shreds or masses of matter of a dull grayish color, 
and of exceedingly offensive odor. These shreds are met with in the ex- 
pectoration which comes from gangrenous or bronchiectatic cavities, and 
in that of putrid bronchitis. The presence of crystals in the sputum is 
thus indicative of some morbid process involving destruction of tissue ; 
they are observed, similarly, in gangrenous discharges from other parts 
of the body. They were first demonstrated by Virchow. — ^Their micro- 
scopic appearance is so characteristic that they can scarcely be mistaken 
for anything else: when the needles happen to be curved, however, they 
resemble somewhat closely the elastic fibres formerly referred to. In 
the latter case their chemical reaction serves to distinguish them at 
once ; on the addition of chloroform or ether, the needles are quickly 
and completely dissolved, while the elastic fibres undergo no alteration. 
Another kind of microscopic crystals, having the form of elongated, 
very pointed octohedra, of rhombic plates, or of fine, sharp, spindle- 
shaped bodies, has been found in the sputum in various diseases. They 
are colorless, the largest 0.01 — 0.02 mm. long, the smallest visible only 
under a magnifying power of 600 diameters. Their chemical nature is 
still obscure, though they are supposed to be of organic origin. They 
are insoluble in alcohol, and may therefore be preserved in spirit ; but 
concentrated acids and alkalies dissolve them rapidly. They resist also 
for a long period the disintegrating action of putrefaction. These crys- 
tals, which were first noticed by Charcot, and with which his name is now 
usually associated, occur very frequently in leukaemia, — in the spleen, 
the blood, and the marrow of the bones. They may also be seen, and 
apparently not un frequently, in the sputum in various affections of the 
bronchi, in chronic bronchial catarrh, in pulmonary emphysema, in the 
expectorated casts in bronchial croup, but relatively most often in bron- 
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cbial asthma, (aa in six out of seven ca 
tioularly during, and immediately atte: 
free intervals. 

Leyden thinks it not improbable that thcs6 crystals are tlie 
ot the dyspnceal seizure in bronchial asthma, his bypothesi 
they irritate the terminatious of the ragus in the mucous 



investigated by Leyden) par- 
te attaciks, not usually in the 
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being that 
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the air-passafjes, and in that way, by reflex action, give rise to apaam of 
the finer bronchi; the remissions would thus follow the expectoration of 
the crystals, and the patient would have ease till the renewed fonnation 
of oryatala produced another attack. But in a great many cases, in which 
there is no preceding dyspnceal seizure, such crystals are found in the 
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and in two instances of bron- 
were incorporated in the fibrin- 
periphery, 
also are occasionally seen in the sputum; 
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hoBmatoidiny for instance, occurring as rhombic rods or as slender needles 
arranged in tufts, in cases of bronchiectasis, of empyema and peritoneal 
or hepatic abscesses which have opened into the bronchi; crystals of cho- 
lesteririy in cases of pulmonary abscess or empyema penetrating the lung, 
and sometimes in the phthisical sputum; tyrosiny also, is met with in the 
expectoration in putrid bronchitis. 

7. Fungous growths, — ^The parasitic fungi which occur in the sputum 
are the thalli and spores of the Leptothrix buccalis and the thrush-parasite 
(Oidium albicans), and in rare cases Sarcinae. 

When the buccal cavity is lined with fungous growths, such as the more 
common and widely distributed oidium albicans or the leptothrix buccalis, 
these parasitic vegetations frequently appear in the sputum, being de- 
tached from the mucous membrane and mixed with the expectoration in 
its passage through the mouth; in these cases their quantity is not great. 
But such minute vegetations, found in the sputum, may come also from 
the lungs: they are sometimes transplanted from the mouth to the lungs, 
being carried downwards by the inspiratory current of air; there they 
grow rapidly, finding in the stagnant secretions of dilated bronchi and 
pulmonary cavities a soil which favors their development. — Leptothrix 
and oidium albicans are observed in the sputum in putrid bronchitis and 
gangrene of the lungs. It is not improbable that the offensive decompo- 
sition of the bronchial and cavernous secretions which is so characteristic 
of these affections is due to the presence of fungi or of the bacteria which 
gain entrance with them. It appears also that even in healthy respiratory 
organs, under certain conditions, the introduction of microscopic fungi is 
sufficient to excite a kind of putrefactive action leading to putrid bron- 
chitis (Rosenstein). 

Large numbers of fungous growths, both thalli and spores, have been 
detected in the sputum in whooping-cough (Letzerich). 

On treating such a sputum with iodine and concentrated sulphuric 
acid the filaments assume a beautiful blue color, while the spores become 
brown. 

Letzerich regards these bodies as the cause of whooping-cough (?); 
the frequency of the spasmodic seizures, according to him, depends on 
the greater or less rapidity of the development of the vegetations and on 
the irritability of the affected part of the mucous membrane, while the 
disease becomes less severe as soon as an abundant secretion of mucus 
takes place, along with which the parasites are expectorated. These 
fungi, taken from the sputum of a patient suffering from whooping-cough 
and introduced (through a fistula) into the trachea of a rabbit, produced 
in the latter catarrhal symptoms and a paroxysmal cough, and the sputum 
discharged contained growths exactly similar to those found in the original 
disease in the human subject. 

Multitudes of vlbriones are also frequently observed in the secretion 
of bronchiectatic and gangrenous cavities, and in that associated with va- 
rious other disorders. When discovered in large quantities in sputum 
recently coughed up they probably come from the respiratory passages; 
they are found, however, in every sputum which has been exposed some 
time to the air. Occasionally, also, they are mechanically mixed with the 
expectoration in the mouth, being abundantly developed in the tartar 
which loads the teeth of those who do not regularly cleanse the mouth. 

In a few cases of phthisis (recorded by Virchow, Cohnheim, and Heimer 
in Ziemssen's clinic) Sarcince have been seen in the sputum and in the 
lungs in considerable numbers, while at the same time no trace of their 
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presence in the stomach was discernible; they were found in none of the 
other organs and were of very small size. 

£Jchi9iococcus-vesicle8y whole or in fragments, occur equally rarely in 
the sputum. When present they may proceed either from the fiver, when 
a hepatic hydatid cyst, making its way through the diaphragm into the 
lung, perforates a bronchus, or from the lung itself, when the parasite is 
primarily developed in that organ. — There are more than 40 well-authen- 
ticated cases in which hydatid vesicles were expectorated; in only one 
out of fourteen cases of hydatids that have come under my own observa- 
tion was this symptom present. 

Particles of food, muscular fibres, grains of starch, vegetable fibres, 
&c., which may all be accidentally mixed with the constituents of the 
sputum, are so readily distinguished by microscopic examination that a 
particular description of them is unnecessary. 



Amobphous Elements op the Sputum. 

These constitute the basis of the sputum, and consist chiefly of mucus, 
albumen, and the watery fluids by which the mouth is kept moist. 

Mxtcus ^Mucin) is the proper secretion of the bronchial mucous mem- 
brane, and IS present in every sputum. It is of varying consistence, be- 
ing sometimes fluid, and at other times more viscous and capable of being 
drawn into threads; to the naked eye it is transparent. The chemical 
test by which it is most commonly distinguished is the formation of a 
cloud or precipitate on the addition of acetic acid. — The presence of mu- 
cus in the sputum has absolutely no diagnostic signiHcance; persons in 
perfect health expectorate more or less of it every day, and in all forms 
of lung disease, from the mildest catarrh to the most severe affections, it 
is a constant constituent of the secretion. 

Watery also, forms a considerable part of all sputa. The more abun- 
dant it is the more fluid is the expectoration. The water is commonly 
supplied by the mucous lining of the mouth, and in that case contains also 
some pavement epithelium; in certain other cases it comes from the air- 
passages, (when the bronchi are flooded with a profuse secretion of se- 
rous fluid), or from the pulmonary alveoli, (as in oedema of the lungs). 
The sputum in bronchial catarrh is at first thin and aqueous, but subse- 
quently becomes more tenacious and deficient in water. 

Albumen occasionally enters into the composition of the sputum, and 
it is always more abundant the severer the inflammation of the air-pas- 
sages or pulmonary substance. It is present in greatest quantity in cases 
in which there is plastic exudation into the parenchyma of the lung and 
into the finer bronchi, — that is, in pneumonia. — Albumen is detected by 
acidulating the alkaline sputum with acetic acid, filtering, and boiling, or 
by adding nitric acid: in both cases the albumen is coagulated. 



General Classification op Sputa. 

Biermer arranges the sputa into the following groups, according to the 
nature of their principal constituent and the predominance of one or other 
microscopic element, conditions which are usually more or less easily dis- 
tinguished even with the naked eye. 

1. The mi^oiis sputum. This consists almost exclusively of mucus, 
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and is frequently brought up by perfectly healthy individuals, and in the 
earlier stages of bronchial catarrh. 

2. The muco-pundefU spiUum, containing mucus and pus-cells. The 
latter constitute the sediment which falls to the bottom of the crachoir 
when the sputum is allowed to stand a short time, whilst the mucus and 
the air-bubbles usually scattered through it occupy the upper part of the 
vessel, floating on the top of the water. The miscibility of these sputa 
with each other depends on their consistence; they either run together, 
forming a thin, uniform fluid, or fail to coalesce, being divided into nu- 
merous viscid, globular masses. They occur both in simple bronchial ca- 
tarrh and in every other affection of the bronchi and of the substance of 
the lungs, and are consequently the most common variety of sputum. 

3. The purulent sputum is homogeneous in character, has exactly the 
color of pus obtained from an abscess, is thick, though not capable of be- 
ing drawn into threads, and sinks to the bottom of the expectoration- 
glass. Microscopically it is seen to consist almost entirely of pus-cells. — 
It is derived from suppurating pulmonary vomicae, or from a pleural cav- 
ity filled with pus, which perforates and discharges through a bronchus 
(empyema). — A purely purulent sputum is somewhat rare. 

All sputa, may, with more or less justice, be included in these three 
groups, as all contain mucus or pus. But when, in certain circumstances, 
other constituents come into decidedly greater prominence, in respect 
either of their quantity or their morbid significance, the term by wnich 
the sputum is designated is determined by these; a good example of this 
is found in the sanguineous sputum. 

This classification of the sputa into mucous, muco-purulent, purulent, 
and sanguineous, has this practical advantage, that the element most 
characteristic of the secretion in the individual case is at once and plainly 
expressed. It is obvious, however, that it is only approximately, and in 
a small proportion of the cases, that the origin of the particular sputum 
and the nature of the disease which gives rise to it are indicated by these 
terms. A strictly accurate estimate of the nature and diagnostic impor- 
tance of the sputa is possible only on taking into consideration a number 
of other signs, which are now about to be discussed: these are the form, 
consistence, weight, color, odor of the sputum, and very specially the 
presence of the formerly mentioned histological elements (fragments of 
lung-tissue and pathological products). 



Physical Charactkks op the Sputa. 

Consistence of the sputum. This varies within very wide limits, all in- 
termediate conditions being met with, from a consistence almost watery 
to that presenting the utmost degree of viscosity. The tougher the 
sputum the firmer is its consistence; the mucous and muco-purulent se- 
cretions, therefore, attendant on acute bronchial catarrh and the parenchy- 
matous diseases of the lungs, (the cavernous sputa, for example), possess 
this character in a high degree. — If the sputum be deficient in mucus, the 
substance which binds together the various histological elements, it be- 
comes less coherent; the simply purulent sputum is thus much less tena- 
cious than the muco-purulent form. — Persistent expectoration of very 
viscid sputum points to a state of intense irritation of the bronchial mu- 
cous membrane. 

The form of the sputum depends on its consistence. Very fluid sputa, 
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such as the serous expectoration of pulmonary oedema or the purulent 
discharge from a pulmonary abscess or an empyema which has perforated 
one of the larger bronchi, ao not remain separate but become intimately 
blended with each other in the crachoir, forming a homogeneous mass; 
very tough sputa, on the other hand, are irregularly globular in form, 
while less tenacious secretions become somewhat flattened or nummular. 
Mucous and muco-purulent sputa sometimes coalesce, and at other times 
assume various shapes determined by the greater or less consistence of 
the mucus. The spherical or nummular form prevails in the muco-puru- 
lent sputa proceeding from phthisical cavities, the configuration of each 
sputum being the more distinctly preserved the less the quantity of fluid 
bronchial secretion subsequently mixed with it. If the latter be very 
abundant, the circular, coin-shaped sputa, at first quite distinct from the 
catarrhal secretion, unite with and are ultimately uniformly diffused 
through the homogeneous layer of mucus after standing some time in the 
vessel. 

Weight of the sputa. The denser the sputa, and the fewer the air- 
bubbles it contains, the greater its weight. Sputa, therefore, of firm 
' consistence and free of air sink to the bottom of the glass, while those of 
more fluid consistence and full of air-bubbles float about at the top. 
Sputa which sink in water preserve their form (cavernous sputa); the 
other less dense varieties soon break up into several layers, the lighter 
elements, air and mucus, swimming on the surface of the water, the heav- 
ier constituents, such as pus-cells, subsiding and forming a sediment at 
the bottom. The weight of the sputum thus indicates only its consistence, 
and usually also the elements which enter into its composition, but gives 
no clue as to its origin; the expectoration observed in bronchial catarrh 
in the stage of resolution may be just as heavy as that secreted by a pul- 
monary cavern. 

The quantity of the sputum is exceedingly variable, in the acute as well 
as in the chronic diseases of the respiratory apparatus. Occasionally in 
the course of acute affections there is absolutely no sputum, and in 
chronic disorders also it may be wanting for a considerable period. In 
the severest types of disease the quantity of matter expectorated may be 
very small, while in much less grave affections it may be extremely great. 
General rules, therefore, with regard to the prognostic value of increase 
or decrease in the amount of the sputum in the different diseases of the 
respiratory organs cannot be laid down. Nevertheless, the following may 
be accepted as a generaHzation, so far as this is possible, of what is known 
on the subject: in acute bronchitis, hooping-cough, and pneumonia the 
expectoration becomes more abundant, — and is then often a critical indi- 
cation of the approaching termination of the disease, — simultaneously 
with the disappearance of the difficulty with which it is brought up, and 
when it begins to assume more definite shape and consistence; each exa- 
cerbation of the affection, on the other hand, materially diminishes the 
amount of the previously profuse secretion, while the difficulty and pain 
of expectoration increase, and the sputum acquires greater density. 
When, in acute diseases (bronchitis and pneumonia, for instance), the 
expectoration becomes scantier or fails altogether, while at the same time 
the morbid process is obviously extending and increasing in severity, and 
while auscultation shows that the bronchi are loaded with an accumula- 
tion of fluid, we have direct evidence of a lowering of the irritability of 
the sensory terminations of the vagus in the lungs, or of the profound 
exhaustion of the patient; this sign is therefore one of grave import. 
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The stertorous re^iration of the dying, accompanied by rattling soands 
produced in the chest and audible at some distance, furnishes the most 
familiar example of this condition. 

It is in Bronchiectasis, of all diseases of the respiratory apparatus, 
that the largest quantity of expectoration is discharged at one time. 
This fact, in the absence of such other signs as would establish the diag- 
nosis between this and like conditions, beoomes a criterion of the first im- 
portance. The expulsion of several tablespoonf uls, and often more, of a 
muco-purulent, foetid secretion, as the result of one effort of coughing, is 
far from uncommon in this affection. In like manner the bursting of a 
pulmonary abscess, or of a purulent pleural exudation, into one of the 
larger bronchi, is marked by the sudden evacuation of a large quantity of 
purulent, homogeneous sputum. 

Odor of the sputum. This is quite wanting in very many cases, or 
is at most faint and of a somewhat mawkish or mouldy character. The 
sputa in pulmonary abscesses, bronchiectasis, and putrid bronchitis, have 
a decidedly foetid odor, that of the discharge in gangrene of the lungs 
being extremely offensive. In the latter case the expired air is already 
considerably tainted even before any trace of a disagreeable smell is per- 
ceptible in the sputa. The foetor is caused by the gangrenous putrefac- 
tion and disorganization of the tissues. 

Putrefying fragments of food, such as those which adhere to the teeth, 
may communicate this offensive odor to the sputum in its passage through 
the mouth. Caries of the teeth, and especially certain affections of the 
mouth, are apt to produce the same result; it is from this source that, in 
the last stages of phthisis, in which various disorders of the cavity of the 
mouth, associated with the development of fungous growths, are so com- 
mon, the sputa derive their odor of putrescence. This is lost when the 
expectoration has stood some time in the vessel. 



Color op the Sputa. 

A slight coloration, varying from white to yellow or yellowish-green, 
is given to the sputum by the presence of a large number of pus-cells. 
A deeper tint is usually due to the admixture of the coloring-matter of 
various tissues; these are, enumerated in the order indicated by the fre- 
quency of their occurrence, the red coloring-matter of the blood and its 
different modifications, the biliary coloring-matter, and a black pigment 



Red, Sa^nguixeous Sputa. 

These consist either of blood alone, or of blood and other elements in- 
termixed. 

1. A sputum composed solely of blood, and expectorated in any con- 
siderable quantity, is invariably the result of rupture of some of the ves- 
sels of the lungs. The amount of blood thus lost at one time is very vari- 
able; it may be only a teaspoonful, or as much as several tablespoonf uls, 
or even more. 

Hjpmoptysis frequently occurs at the outset of pulmonary phthisis, at 
a time when the physical signs of the affection are still undeveloped; or 
it may take place, either once or repeatedly, in the course of the disease. 
Haemoptysis may also be caused by affections of the cardiac valves, when 
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these lead to overloading of the pulmonary circulation; an example of tbis 
is seen in btemorrhagic infarction of the lunga following lesions of the 

the lungs ia for the most part coughed up immedi- 

3 of distinguishing pulmo- 
nary hiEinorrhage from hiematemesis (in cases of round ulcer of the stom- 
ach, oarcinonm. Sec), the blood in the laiter case being rejected by vomit- 
ing. The bright red color, the fluid condition, and frothy appearance of ' 
blood proceeding from the lungs, are further points which aid in estab- 
lishing the diagnosis, blood coming from the atomaah being usually dark 
reddish brown or clionolate-brown in color, having a close resemblance to 
(Mjffee-grounds, and sometimes, when it has remained some little time in 
the stomach, forming clots in which are imbedded fragments of food. 
The mere external appearance of the blood, however, does not always fur- 
nish sufficient data on which to found an opinion regarding its origin. 
On the one hand, blood poured into the lungs ma^ be retained there for 
some time, lodging particularly in dilated bronchi or in pulmonary cavi- 
ties, when it becomes much darker in color and is slightly coagulated, 
being thus not unlilce that discharged in hiematemesis; blood effused into 
the stomach, on the other hand, may be vomited immediately after escap- 
ing from the ruptured gastric vessels, when it haa no longer the appear- 
ance above described, but resembles rather blood coming from the lungs. 
And finally, blood flowing from the nose, mouth, or pharynx, may, during 
sleep, pass through the larynx into the bronchi, when it takes on a bright- 
er red color and receives a certain admixture of air, and as it is eventually 
brought up by coughing it may possess all the characters of blood origin- 
ally extravasated in the lungs. In such cases the source of the hiemor- 
rhage can be determined only on consideration of the patient's previous 
history and of the results of careful physical examination. 

2. Blood may be mingled with the sputum in various proportions, 
intimately, or in streaks, or simply dotted through the mass. In these 
cases the presence of the blood need not necessarily be assumed to be 
due to rupture of any of the pulmonary vessels; it may be caused by the 
passage of red blood-corpuscles through the uninjured walls of the vessels 
(bleeding per diapedeain; Cohnheim). 

The depth oE the coloration of the sputa is in proportion to the quan- 
tity of blood present; whatever be the amount the fundamental color is 
alwavs red. 

'Ihe lighter shades of red are produced by the greater or less predom- 
inance of the other constituents of the sputum; they depend also, to a 



* Whether the blood rsmaining in the nlvcoli and ultimate bronchi otter palmO' 
laxy htBroorrhagB, when not entirely abBorhed, excites inttnmraBtioa and becomes the 

I ataiting-point of caseonsiuQltration (F. Niemeycr), ia fttill a disputed qaeiitinn. It has 
beea elinicall; proved ITroube) that after the lapse of a oertain time no trace oF bleed- 
ing L) diacoTecable in the lungs. Expariroenta on animals give different remilta acixird- 
iiig u the blood injected penetrates only to the finest bronchi or reaches the alveoU. 
Should the blood not go beyond the air tabus its nbHorptiuu ia completed within twelve 
honfa, and no inflammation follows (Peri and LipmannI; if it be forced into the al- 
veoli, however, catarrhal pneumonia ia si^l up. which, in hentth; animals, ends in reso- 
lation (Somnierbrodt), hut m men placed under unfavorable oonditions (men of feel>le 
oonatitDCion, ilcc.). leaultn in caseous inhltmtion and phthisis. That hoimonbngic ia- 
farctioos in cases of cardiac disease never give rise to catarrhal pneumonia is probably 

I In some way connected with the immniutf from phtliiaia which the subjeots of dieeasea 

K heart Mam to enjoy, 
10 
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certain extent, on the pliysical cliaractera of the 

according as the latter is of fluid or iinn consistence, mucous or purulent, 

or has become tainted bj* putrefaction, £c. 

The blood is the more intimately mingled with the other elements of 
the secretion the longer it has been in contact with them; the more tena- 
cious the bronchial mucus the longer the time necessary for the cfiecting 
of such a thorough blending of blood and sputum as is observed nhcii 
the expectoration is very thin (serous, for instance). The diiTuRion of 
the blood through the sputum is most complete in cases of fibrinnui 
pneumonia. It is only in very confined spaces, such ss are presented by 
the alveoli and finest air-tubes, that a uniform and iutimate mingling of 
pathological secretions and blood can take place. 

Blood disposed in streaks through the sputum does not usually pro- 
ceed from the pulmonary parenchyma but from the upper parts of the 
air-passages, and gives no indication, therefore, of the nature of the mor- 
bid process going on. — Specks of blood frequently appear in the sputum, 
both in the earlier and later stages of caseous pneumonic infiltration. 

The expectoration may also show by its red color that it certainly con- 
tains blood, though at the same time no red blood-corpuscles can bo de- 
tected under the microscope: in such circumstances it is probable that 
the corpuscles have undergone considerable modification, are possibly 
shrivelled up, and indistinguishable from the other fieurate elements w 
the sputum, or that their disintegration has been complete and their ool- 
oring-matter in that way set free. 



I 



The longer the sanguinolent sputum is retained in the bronchi the 
more marked and exteniiive is the change in color which it undergoca 
It first becomes gradually reddiah-brown, then yellowish -red, and finally 
loses all trace of red coloration ; it subsequently takes on k yellowish hne, 
which deepens into saSron-yellow, yellowish-green, or even grass grten. 
All these tints are given to it by the substances which are produced by 
the higher oxidation of the coloring matter of the blood (hiEmoglobin}; 
they represent the successive stages of that process, — a metamorphotii 
which is often observed in parts in which blood has been eSuaed under 
the skin, Grsen is the last of the series of colors displayed by the 
haemoglobin and its products wfaen exposed to the continued influence of 
oxygen. — So long as the coloring-matter remains unchanged, and the ex- 
pectoration continues distinctly and unmistakably red, the blood-corpui- 
cles are easily recognized, as they still possess their normal aspect and 
outline; but immediately the process of oxidation begins they are more 
or less altered in appearance, or may even be completely disintegrated, 
leaving behind them no risible trace of their previous existence in the 
sputum. ^The first of the above-mentioned shades, reddish-brownornist- 
color, is characteristic of the sputa in the stage of hepatization in pneu- 
monia, while the yellowish-red, or citron.yellow, or saffron -yellow tints 
mark the stage of resolution. 

Greenish, or even grass-green, sputa (colored thus, not by biliary pi^ 
ment, but by altered biemoglobin) occur sometimes in croupous pneumonia 
when it ends gradually (by lysis, not critically) in perfect resolution; io 
pneumonia also, which b followed by pulmonary abscess, and at the b»- 
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^Dning of subacute caseous pneumonia (Traube). In all these BfTeotions 
the secretions are retained some time in the lungs, — usuallv for a period 
long enough to permit their coloring-matter to pass through all the grades 
of oxidation and become distinctly green; but in pneumonia of the orli- 
D&ry type the sanguinolent sputum is coughed up and expelled before its 
htemofElobin is so far changed as to become green, so that it is merely of 
ft yellowish tint. 

Microscopic esamitiation of green apata reveals the presence of yellow 
pigment, yellow pigmented molecules, and here and there yellow pig- 
mented epithelial scales. 

Sometimes in the warm summer months there is observed a peculiar 
variety of yellow sputum, the egg-yolk sputum (Traube, Lower), iii which 
the coloration seems to be due, nut to the presence of modilied hitmo- 
globin, but probabiy to the development of fungous growths. The first 
trace of it is usually noticed after the sputum iias stood a short time in 
the vessel, and in the frothy layer at the surface; it may appear in any 
sputum of a frothy, tenacious character, and disappears when the weather 
becomes cooler or when the expectoration undergoes further change. 

Under the microscope this sputum is seen to contain numerous masses 
of spores, resembling closely the leptothriit buccalis, and here and there 
also undoubted filaments of leptothrix. It is from the larger Kn^up^ ^f 
spores that the yellow color is derived. These fungi are probaoly intro- 
duced mechnnicatly into the sputum as it passes through the mouth, and 
develop in the expectoration-dish under the favoring influence of heat. 
As the leptothrix is naturally of a somewhat yellow tinge, the color is of 
course intensified by the niulti plication of filaments. Microscopic exam- 
ination has shown, also, that in tiie mouth and between the teeth of those 
Eatietits whose sputum was of this nature were lodged large numbers of 
iptothrix thalli. Diagnostically and prognosticafly this " egg-yolk " 
sputum has not the slightest signification. — Another variety of sputum, 
identical with the foregoing in microscopic and other characters, differing 
from it only in color, — which was grass-green, was observed by Rosen- 
bach in a case of bronchial asthma; the coloration was developed only 
■bout 34 hours after the sputum had been expelled. 

BniAET Pigment in the SpuTtiM. 

The presence of biliary pigment communicates to the sputum ^_ 
shades of color, from yellow to green or even to deep grass-green, 
appearance, therefore, they are absolutely indistinguishable from the 
above-described yellow or green sputa which, as already stated, derive 
their color from the products of the higher oxidation of their hicmoglobin. 
A yellow or green coloration of the sputum is known to be due to biliary 

I pigment only when the skin and mucous membranes have the same jaun- 

I diced hue, usually the result of a duodenal catarrh. The ordinary test 
for the presence of the coloring- matter of the bite, the occurrence of the 
well'known play of colors on the addition of nitric acid, is not satisfso- 

I tory, as this same reagent produces a slight greenish tinge in the usually 

k colorless mucous sputum. 

This complication, the association of icterus (dundenalis) with a dis- 
ease of the respiratory apparatus, is met with in the bilious form of pneu- 
monia, though not in every case of bilious pneumonia is the sputum also 

L , >|Hirnfr"'j yellow or green. On the other band, it may hsppea that anj 
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Black Pigmented Sputa, 

The sputum may be blackened throuo^hout almost its entire extent 
(a somewhat rare event), or only iu certain parts. This staining is corH' 
Rionly caused by particles of carbon which have been carried into the si^ 
passages and mixed there with the fluid secretions; the greater the Dum- 
ber of these particles the more intimate is their combination with tbe 
Bputum and the deeper the shade of the black pigmentation. 

Quantities of carbonaceous matter are often seen in the spotuin of 
those who are exposed to the habitual inhalation of the sooty amoke ol t 
badly-burning lamp; in such circumstances it is not unusual to find ihsl 
the secretions coughed up in the morning arc black. Small quantitiesof 
snuS also sometimes slip down from the nose into the air-tubes and are 
recognized in the ralarrhai secretion as minute 
black particles. This black pigmented spntuni 
probably occurs most frequently among tiio» 
who work in coal-pits. In all thnse cases micro- 
Bcopic e:(aminstion shows that the amorpboui 
granules of carbon He loose and free in the spU' 
turn; but they may also penetrate even into the 
substance of the lung itself, and are then incorporated with the epithe- 
lium of the air-vesicles and with the pulmonary texture. 

Accurate investigations, carried on by Traube and Cohiiheim, into 
the nature and surroundings of this carbon-dust have proved most clesrlj 
that it comes from without, and that it insinuates itself into the epitheliam 
of the alveoli and into the interstitial tissue (in one case it had reached 
even to the bronchial glands); this is evident from the fact that the par- 
ticles of which it is composed differ in no respect from those which float 
freely about in the atmosphere. In one of the two eases observed by 
Traube the specks of carbon found iij the sputum resembled exactly 
those which the patient had habitually inhaled in the timber-yard in 
which he worked, their structural identity with the cellules of the pinus 
Bvivestris being completely established. BOttcher has recorded an exactly 
similar case. 

Absolute proof, however, that fine powdery matters, conveyed into 
the trachea, may be carried downwards into the air-cells and may work 
their way even into the tissue of the lung, is furnished by the experiments 
of Slavjansky, He introduced a certain quantity of cinnabar into the 
trachea of several animals, and afterwards found tbe particles of that sub- 
stance in the epithelium of the alveoli, some of them scattered irregularly 
through the cells, others showing a definite and orderly arrangement; he 
discovered them also in the interalveolar septa, in the bronchial gland^ 
and even in the blood, to which they had probably gained entrance through 
the lymphatic glands and vessels. 

There is, further, sometimes seen in the sputum, a black pulmonary 
pigment {M^min), in the form of black, uniformly pigmented cells- 
There is little doubt that this Slelanin, which differs from all other or- 
ganio pigments in being insoluble la alkaline lye and in 
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bleaching aclion of chlorine, is simply inhaled carbon -dust, hy which the 
pulmonary epithelium is stained of a uniform black color. PhthUU tne- 
Utnotica is thus merely a chronic form of pneumonia, excited by the in- 
halation of carbonaceous panicles. 

Besides carbonaceous matters other variously colored particles, such 
as the dust of cinnabar or iron, are found in the sputum ; these not only 
communicate their color to the secretions but also give rise to more or 
less serious affections of the air-passages and puliuouary parenchyma 
{catarrh, or chronic pneumonic iiitiltratioii), which Zenker classifies &8 
"diseases from the inhalation of dust." To the cases of siderosis pulmo- 
num recorded by Zenker may be added one of great interest reported by 
Merket, in which the lung wiis of a brick-rod color from a deposit of oxide 
of iron; the patient had been employed in a tile-work. Another patient, 
who ha4 worked in an ultramarine factory and had suffered from chronic 
bronchial c&tarrb, brought up an exquisitely blue-colored sputum. 



The Sputa is Diseases of the Aik-Pabsaqeb. 

Catarrh and inflammations of the respiratory passages, whether seated 
in the larynx or the larger or smaller bronchi, are always attended by tha 
•aroe species of sputum, as all parts of the mucous membrane have exactly 
the same structure. 

At the beginniuf of an attack of catarrhal inflammation the sputum is 
simply mucous, consisting chiefly of a tough, vitreous, transparent mucus, 
with only a few flgurate elements, — the mucus-corpuscles; in the expec- 
toration-vessel it runs toother and contains air-bubbles, and is therefore 
frothy and clear in color. This is the sputum crudum of the ancients. — 
At a later stage of catarrhal affections it becomes richer in cells contains 
besides mucus and mucus-corpuscles, a few pus-corpuscles, and tl f 
emnewhat firmer consistence; as the inflammation abates the cell 1 m ta 
are present in still greater numbers, the sputn take the form of 1 Iv 

globular masses (the sputa cocta of the older authors) and ass 1 11 

yellowish color. Both these stages, marked bv a mucous an 1 m o- 
pumlent sputum, are observed in every catarrhal or inilanimat v h n 
chial affection; when the inflammation is of a croupous cliaracter, liow 
ercr, it is not sputum, in the ordinary acceptation of the term, ihat is 
expectorated, but chiefly the fibrinous bronchial easts already described 
on p. 137. — In putrid bronchitis and in bronchiectasis, also, the sputum 
hu special characters, given in detail on p. 153. 



I tfoet va 



The Sputa nf ArPECTioira of tub LtFUG-SuBSTANCH. 
7%e Sputum in Croupous Pneumonia, 



three stages of this disease are usually characterized by three dis- 
varieties of sputum. 
In the stage of engorgement of the lungs the sputa, if present, are 
very scanty and tou^h, are composed mostly of mucus, include numerous 
bubbles of air, and are therefore transparent; they coTitain comparntively 
few morphological elements, are occasionally marked by streaks or spots 
of blood, and are of no HeRnite shape when expectorated. They coiilescs 
io the receiving-glass, in which, on account of the Itirge quantity of air 
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^^^H eooloBed in them, they ilcat, forming a. spumous layer on the surface of 

^^^B the water. The blood, which la present only iti minute traces, is gtoer- 

^^^B sjly seen only on the surface of the sputum, and is not intimately mixed 

^^^H with it. — The expectoration of such a sputum, beset with specks of blend, 

^^^H is a point of great diagnostic importance, as by it pneumonia may h« 

^^^H rct^ognized some time before the physical signs of the disease are derd- 

^^^1 oped; lobular, central pneumonia is often first noticed, and distingiuibed 

^^H from other acute ailections of the respiratory organs by this symptom 

^^^1 2. In the stage of hepatization increase of the plastic exudation in tiM 

^^^1 alveoli and in the terminal bronchi is associated with a sputum rooreofr 

^^^1 pious in quantity, exceedingly tenacious, less aerated, and more dee}it|f 

^^^H tinged with blood; the latter is more intimately mixed with the mned^ 

^^^H and gives to it the rust-color described as pathognomonic of the affectioii, 

^^^H The depth of coloration varies with the reUtive amount of the blood and 
^^^H the length of time it lodges in the alveoli and bronchi. Reddish browner 
^^^F rusty sputa are thus obviously of less recent date than those which m 
1^^^ bright red. In the former are found, on microscopic examination, nume^ 

r ous altered blood -corpuscles, some distended, others shrivelled up ud 

disintegrated, their coloring-matter being dissolved out and the rounds! 
I oxidation- chances to which it is subject being already begun. The ao» 

ber of corpuscles seen under the microscope, therefore, is by no meani 
proportionate to the inteneity of the color of the sputa when looked st 
with the naked eye. In bright red sputa, on the other hand, the histolo- 
gical structure and the color of the corpuscles are preserved intact. — Tit 
tenacity of the sanguineous pneumonic sputum is such that the patient hM 
often the greatest diOiculty in getting it out of his mouth; it adheruto 
the sides of the crachoir and does not flow out when the latter is inverML 
This toughness, and the transparency of the sputum, depend on tbepresenee 
of mucus; increase of the number of morphological constituents (blood- 
corpuscles and pus-cells) renders the sputum Jess transparent. Tbe qutn- 
* tity of air, also, which is mixed in the sputum varies with the intiraacv of 

the contact into which the respired air and the secretions are brougb'iin 
the bronchi. Gradually, keeping pace with the advancing con soli datioa 
of the lung and the consequeut greater abundance of the pus-corpusolN> 
the sputum becomes less and less tough and adhesive, and is thus \ta 
confluent and more easily brought up; it begins rather to take on a more 
or leas distinctly nummular or irregularly globular form. 

Fibrinous clots, also, are found in the sputum, and constitute one of ill 

most important elements; their presence indicate that the terminal brw- 

ohi are occupied by the same plastic exudation that tills the alveoli (sM 

p. 137). They may be recognized while still in the expectoratioQ~disIi, Mi 

I turning up the latter, and examining the secretion which clings to iti 

^^H sides. On separating and washing these portions of the sputum witb 

^^K water the fine arboresoent ramifications of the casts may be seen nuder 

^^H a powerful magnifying-glass. — Towards the end of the stage of bepatna- 

^^^ tion the secretions become more fluid and less transparent, aod the filnt- 

I nous coagula increase in numbers; the blood present in the sputum dint- 

inishes in quantity, its color deepens into a dark reddish-brown, and in 

the event of there being no new exudation into any part of the ImtgiU 

trace of bright red, recent blood entirely disappears. 

The various characters described so far do not always present tfa«a>- 
selves in the exact order mentioned, as it frequently occurs that aftv 
oomplete hepatization of one section of the lung another paxt, li' ' 
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exempt from the infl«mmation, 
phases of the prieunionic process. 
the properties of those associated i 
and the beginning of that of resc 
bly from the portions of lung mos 
blood and be exceedingly viscid. 

3. In the stage of resolution t 
eomea yeilowish or of a darker, ci 
BIB of its hsmagliibin; it 
ishea steadily in viscosity 
it grows gradually more and 



is attacked and goes through all the 
Thus, whilst soETie of the sputa have 
vith the end of the stage of hepatization 
ilution, certain others, coming presuma- 
t recently affected, may be loaded with 



the rust color fades, and the sputum be- 
cilron-yellow tint, from the metamorpho- 
pctorated with less difficulty, as it dimin- 
longer adheres to the sides of the vessel; 
opa<]Ue, from augmentation o( the 



inohial casts disappear 



ber of pus-cells it contains, while the hbrii 
or break down in fatty degenec 
ble closely those of eimple bronchial catarrh. They are at first consider- 
ftbly more important than in the stage of hepatization, but become by de< 
ffrees scantier, more mucous, watery, transparetit, and colorless; and finaU 
ly, when the resolution of the pneumonia is complete, expectoration ceases 
entirely, or for a few days longer a scanty, mucous, bronchial secretion is 
diflcharged. 

The features which have been enumerated as characteristic of the 
■putum in the various stages of pneumonia relate only to croupous pneu- 
iDonia running an absolutely normal course. Should the disease, how- 
ever, not end in resolution, but tend rather to fatal termination from ex- 
haustion of the vital powers of the patient, or from pulmonary mdema, 
the ordinary pneumonic sputum is replaced by a secretion of more fluid 
consistence, containing numerous air-bubbles, extremely frothy, and often 
stained of a dark reddish-brown color from the continued presence of 
blood (the prune-juice gptttum). 

la the rare cases in which the pneumonia results in pulmonary abscess 
a certain period usually elapses in which no sputum is expectorated; this 
is followed by a sudden and profuse discharge of greenish-yellow, per- 
fectly purulent sputum, very fluid in consistence, and more or less offan- 
«ve in odor, possessing all the properties of pus obtained from an abscess 
in any other situation. 

This homo^neous sputum, when 
or with the microscope, is found to eoi 
monary tissue, consisting of elastic fibi 
toidin, and black pigmentary matter a 

Ilia, also, occasionallj' terminates in the formation of abscess. In the 
purulent or muco-purulent sputa brought up at intervals from such an ab- 
acesi, similar fragments of lung-tissue are seen, having a densely fibrous, 
eioatricial appearance, quite in keeping with the stony hardness of the 
diseased structure from which they come; elastic fibres, also, and plates of 
obolesterin (Leyden), are often present in this sputum. 

When pneumonia runs into gangrene of the lungs, (not a common oc- 
currence), the expectoration becomes excessively foetid and of a dirty 
grayish color, and is loaded with shreds of necrosed tissue and acicular 
crystals of the fatty acids (see p. 153). 

The sputum of catarrhal pneumonia shows many points of difference 
from that of croupous pneumonia, the former alTection being one which 
attacks primarily the bronchi, and spreads downwards so as eventually to 
involve the alveoli; of this nature is the broncho-pneumonia which occurs 
in children and the aged, and not unfrequently also in persons of middle 
age. As this form of pneumonia is not attended by any extravasation of 



pith the naked eye 
n numerous shreds of dead pul- 
fat'Crystals, crystals of hiema- 
pneumo- 
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blood the Bputum presenta the characters only of a catarrh, being simply 
muco- purulent, or containing: at most, when the lungs are deeply om- 
gested, a few slight and transient traces oE blood. 




The Sputui 



i Tuberculosis and Phtktsu of the Lungs. 






> retpeot 



Acute miliary tuberculosis of the lungs give^ 
different from that of simple bronchial catarrh. 

The sputum in chronic cheesy degeneration, before the process of sfr 
cavation has begun, consists almost exclusively of the catarrhal seeretim 
of the bronchial mucous membrane, and is consequently in distinguishable, 
'with the naked eye at least, from that of ordinary catarrh. On micro- 
Bcopic examination, however, elastic fibres are sometimes seen, an oh(e> 
vation which of itself is conclusive evidence that a destructive process ii 
going on, even in the absence of the usual physical signs of such a con- 
oitiou. The presence of pulmonary epithehum in the sputum, on the 
other hand, at one time looked upon as an infallible indication of tbU 
form of phthisis which is essentially a desquamative pneumonia, is not en- 
titled to be so regarded, as pvlmonary epithelial scales similarly altet«d 
in structure are occasionally found in the sputum of simple catarrh. 

lantity of the sputum generally depends on the intensity u 



phthisis; it is therefot« 
2s more abundant in itt 
oniplelely suppressed, >t 

or definite arrest of ^e 
blood mingled with the 

the form of a generally 



extent of the bronchial catarrh a 

scanty at the outset of the disease, and becon 

later stages. The expectoration may also be 

least for a time, particularly in case of remissio 

progress of the disease. — Occasionally there is 

secretion, in reddish s]>eckfl or streaks, seldom li 

diffused coloration; if the admixture be of long duration or of frequent 

recurrence we mav infer, with almost absolute certainty, the existence of 

chronic caseous infiltration of the lungs, even when the physical signl 

which mark this affection cannot be distinctly elicited. 

Un the formation of cavities in the lung-substance the sputa at ODoa 
take on more specific characters; they are of firmer consistence, assums 
a rounded or nummular form, because more or less ragged at the edges, 
opaque, of a yellowish -green or dirty gray color, contain little or no air, 

' ' ' ' r (the sputa rotunda, jimdum petentia ot the e^rW phy- 



Now and then the cavernous sputum contains blood, recently effused 
or o£ older date, disposed either in a thin layer on its surface or inti- 
mately mixed up in its substance; the secretion then presents a more or 
less intense coloration, varying from light red to reddish brown. The 
blood in this case has evidently leaked from the smaller vessels, whose 
walls are disorganized and broken down by the extension of the morbid 
process. In this sputum is usually also included a variable quantity of 
catarrhal bronchial and buccal secretion, which, being very thm and full 
of air-bubbles, floats on the surface of the fluid in the expectoration -glass. 
The larger the quantity of this catarrhal exudation and the more crowded 
it is with air-bubbles, paHtcularly if it be brought up with considerable 
iPain and effort, the greater difficulty is there in distinguishing between 
It and the proper cavernous sputum. Very frequently the latter, in these 
circumstances, does not sink to the bottom of the vessel, but is suspended 
in the general moss of espeotorated matters, in the frothy, mucous layer 
near the top. 
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On microscopia es&mination of the cavernous sputum there are found 
multitudes of pus-celU (hence its optioity), free nuclei, detritus, and 
occasionally elastic fibres. 

The cavernous sputum, fluctuating in quantity from time to time to- 
cording as the morbid process is agfjravated or arrested, retains for a con: 
aiderable period the physical properties above described; but it the exca- 
vation be occupied by a profuse fluid se- 
cretion which stagnates there for some 
time, the sputa become of a dull muddy 
color, acquire a somewhat offensive odor, 
diminish in consistence, lose all appear- 
ance of having any definite shape, and tend 
to coalesce in the crachoir. 

In the species of consolidation of tlie 
lungs which do not lead to phthisis, — for 
example, in atelectasis of the lungs, due 
most commonly to prolonged compression fm. ss.— PnMeii* of ; 
by pleuritic exudation, or more rarely (when ■ jik " 

it is usually only partial) to compression arising from some othe 
and, further, in the forms of collapse dependent on the bjockin 
large bronchi, and in condensation from hypostasis, — no characteristio 
sputum is discharged, but only such as ones its existence to the catarrh 
which accompanies these affections. 



37ie J^pJttvm in Putrid Sronchitia and in Gangrene of the Xnirtga. 

These two diseases have at least one feature in common, — thfirc is as- 
sociated with them a certain destruction of pulmonary tissue, the result 
of a putrefactive process, wliich, again, is probably set up iu consequence 
of the introJuciion of bacteria or spores into the air-passages; as might 
be expected, therefore, the sputa also present some characters which are 
common to both. These, enumerated hy Traube, are as follows : the 
sputa are very abundant, have a somewhat fluid consistence and a dirty 
greenish-yellow color, and separate into three strata on standing ; the 
uppermost layer is greenish-yellow, opaque, and frothy; the middle layer 
is strikingly transparent, albuminous, and almost serous in consistence; 
the undermost layer is yellow and opaque, and is composed almost exclu- 
sively of swollen pus-corpuscles and a detritus whifh contains a number 
oL dull yellowish-white, soft corcn,* whose size varies from that of a grain 
of millet or oats to the bulk of a bean; these coros have aUo an excessive- 
ly fnetid odor, and contain the needle-shaped crystals of the tatty acids 
dMcribed on p. 138. 

The chief condition which seems to be necessary to the formation of 
these crystals is that the sputum should be retained for some time in the 
ulcerated gangrenous bronchi or cavities; this occurs particularly in sin- 



• Traube Tetogrdiea four different staKea in the developinent nf these coiea In 
the begitming of the nffoction, when t'ley are tirst disroverpd. they for the most pari 
OODsLit of pue-oorpUBcIes and delritun; at a later period they become dirtj grny. a 
oolor Thiah tbey aln-ay« sfterwarda retam. while the debris enoloapd in the punilxnt 
nusi stiowi i^tobuleR of fat. la the third stiige they arc composed chietl; oF dL-bris, 
witbin which not only tbe fntty jlohiilen but ncLcular cryatala of tut are nliwrTed, In 
the Tourth stage lliej ore greatly increased in number and gathered together into bna- 
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UDUB excavations not in commutiication with any of the larger bronidu, 
Patty crystals are therefore wanting in the secretions oC a luge cantf 
opening freely into a broucliita of uonsLderable calibre, as in Buab a cait 
the sputum is always at once rejected. In the same way also may be ei- 
plained the fact that putrefaction takes place so readily in broach ieetatie 
cavities white it is so exceedingly rare in those of phthisical origin; bron- 
chiectatio cavities are situated in the lower lobes of the lung, and th<ir 
secretions are brought up and expelled with greater difficulty, and then- 
fore remain stagnant for a much loiieer period than those of phthincd 
cavities, which are generally situated in the upper lobes. 

The sputum of pulmonary gangrene and that of the putrid fitaee ol 
bronchiectasis are distinguished from those of other affections itivolTitig 
destruction of tissue (caseous pneumonia, pulmonary abscess) by contain- 
ing few or no elastic fibres. The latter seem to be completely destroyed 
by the action of the putrefactive material, the chemical propertiM o( 
which, however, are still unknown; the connective tissue of the long, 
on the other hand, is not in any way affected by this material. 

Tlie element which effects the decomposition of the clastic fibres ii 
evidently present in the sputum, as the filtrate of gangrenous sputa, 
while alkaline in reaction, completely dissolves elastic tissue (taken, for 
example, from the ligamentum nuchfc of the calf) and boiled white of egg 
in 1 — i days, but has no Influence whatever on gelatin-vielding tissues; 
this process is therefore exactiv analogous to that which goes on within 
the lungs. The material on tfio presence of which this action depends 
appears to be of the nature of a formcnt. It, too, is subject to disorgan- 
ization, as the filtered gangrenous sputa no longer have the power uf 
dissolving elsstie fibres when, at the end of a few days, they become 
cloudy and undergo further decoiiiposition. The contents of gangrenous 
cavities also, after removal from the dead body, and indeed all other 
putrid Huicis whatsoever, proved equally powerless to effect the solution 
of elastic tissue (Filehne). 

Chemical examination (by Jaffe) has shown that ammonia, sulphu- 
retted hydrogen, loucin and tyroain, volatile faitv acids (butyric acid), 
enter into the composition of the sputum in pulmonary gangrene and 
putrid bronchitis. — On being introduced into the trachea of animals, the 
gangrenous cores described above convey infection to the healthy tissues, 
if not at once expelled by coughing. This is usually followed by the 
occurrence of local, circumscribed pneumonic inflammations (particularly 
in the case of rabbits), or even by gangrene of the lungs (Leyden and 
Jaffe). The inflammation seems to be really due to the presence of vege- 
table parasites, which have been discovered by FUrbringer in great num- 
bers in the gangrenous masses; the fungi consisted chiefly of the asper- 
gillus niger and mucor. — These same fungous growths and, under certain 
oi re II m stances, even acicular fatty crystals, like those of the sputum in 
pulmonary gangrene, may be developed in a simple catarrhal sputum 
which has been exposed some time to the air. 



TAe Sputum in Bronchiectant. 

IS the characters of the muco-purulcnt sputum, is generally yel- 
reeii or dirty greenish- white in color, homogeneous and confluent, 
and consistence, as in its microscopic elements, it thus diffcre in 
DO respect from the expectoration in chronic bronchial catarrh; in both 
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eases it is the result of hypersecretion from the bronchial mucous mem- 
brane. Since, however, the bronchial secretion stagnates for a longer or 
shorter period in the dilated bronchi, not only when the latter are cylin- 
drical in shape, but also when they are sacculated, both of which condi- 
tions are genendly present together, it acquires an offensive odor, which 
frequently has a certain resemblance to that which pervades a soap man- 
ufactory ; the smell is most penetrating when the sputum is recently 
expectorated, and becomes less intense when the secretion has stood 
some time in the vessel. — The bronchiectatic sputum is, further, brought 
up only at long intervals, and then in large quantity. As the sensibility 
of the walls of the bronchiectatic cavity is greatly diminished the fluid 
accumulates till it reaches the orifice of the communicating bronchus ; 
violent coughing is now excited and the sputum is ejected, when the pa- 
tient has rest again for a period usually of several hours, expectorating 
at most only a little catarrhal sputum, till the cavity is tilled anew, and 
the same process is repeated. 

The quantity of sputum discharged in the twenty-four hours may 
amount to several hundreds of grammes; it is usually somewhat greater 
in the morning, as the secretion gathers in the cavity during the night. 
The foetid odor and the periodical evacuation of a large quantity of spu- 
tum, serve to distinguish the bronchiectatic secretion from that proceed- 
ing from phthisical excavations. 

In the expectoration-dish the bronchiectatic sputum usually separates 
into two or three layers, the upper of which is transparent and very fluid, 
the lower opaque, almost exclusively purulent, and resting on the bottom 
of the glass; the middle stratum consists chiefly of a quantity of floccu- 
lent mucus. 

On the subsidence of the bronchial catarrh which attends every case 
of bronchiectasis, considerably less fluid is secreted, and as expectoration 
becomes more easy the sputum loses its fcetor, and is then almost identi- 
cal in character with the muco-purulent sputum of bronchial catarrh. If, 
on the other hand, simple bronchiectasis is followed by ulceration of the 
dilated bronchi, and if, further, under the influence of minute vesretable 
or animal organisms, which find their way into the air-passages and there 
multiply and develop, a putrefactive decomposition of the secretions sets 
in (particularly in summer), the needle-shaped crystals of the fatty acids, 
mentioned on p. 153 when discussing putrid bronchitis and pulmonary 
gangrene, are found in the sputum. 



I 



EXAMINATION OF THE ORGANS OF CIECTJU- 
TION. 

Inspkction of thb Precordial Region. 

Ths contraction of a heart that is etructurally sound, normal in positim 
and acting quietly, usually manifests itself externally as a slight elevation 
of the tissues in the fifth intercostal space, between the parasternal and 
mammillary lines; it is synchronous with the systole, does not raiae lb« 
skin above the general level of the ribs, and is perceptible only over a small, 
circumscribed area, l^-— 2, or at most 2J ctm, in breadth. The noncal 
impulse, commonly called the apex-beat* of the heart, never pesaes, to 
the right or left, beyond these limits. In 
children, however, it is not always situated 
' in the fifth, but sometimes rises as high ai 
the fourth, intercostal space, the diaphragm 
beiiie drawn upwards with greater force fay 
the lungs; in children also it not unfre- 
quently passes a short distance (almoGt 1 
ctm.) over the mammillary line towards the 
left side. On the other hand it occasionally 
happens, though relatively seldom, and only 
in the aged, that the heart's impulse is seen 
in the sixth intercostal space; in this case 
the displacement is due to diminution in 
the attractive force of the lungs and in the 
elasticity of the large vessels springing from 
the heart. 

The situation of the apex-beat varies 

with the rise and fall of the diaphragm in 

the movements of respiration and on turning 

over towards the left side. The influenceof 

respiration in altering the position of the 

beart's impulse is noticeable only on making 

a very deep inspiration, when the apex sinks, 

sometimes even behind the sixtt rib, so 

that, the opposition to the transmission of 

M<i^io'diBpii^^"imgi"*i. """ '"" the stroke of the heart on the chest-wall 

being increased, the heaving impulse can no 

longer be felt; in expiration it mounts again to its normal level. lu quiet 

respiration no change takes place in the situation of the cardiac impulse. 

Lying on the left side brings it a little over the left mammillary line, 

• By the t^rm a]m-beat is nnderatood not only the impuUe of the actual aiici. bal 
sIbo Uint oF the lower aeiniient of the heart. The proper «]irx linen uot lie in tbo flftb 
intercoslol Bpnce, but behind the BJith rib. and in alno covered in front by a tougae- 
•baptd proceaa of pulmonar; tissue connected with tba lower border of the left lung. 
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occasionally as much as '2 ctm. ; on turning on the right aide no displace- 
ment, or the very slightest, is observable. 

The apex-beat is not always visible, but is generally perceptible to tha 
finger pressed deeply into the intercostal space; it escapes the eye also 
when the heart is actiug very feebly, when the chest-wall is rigid and cov- 
ered by a thick layer oi' fat and powerfully developed muscles, when the 
intercostal spaces are narrow, and when the heart, during full inspiration, 
isoveriapped by the margin of the lung. (Forthe pathological conditions 
ivhich cause the disappearance of the apex-beat, see p. 16^). 

In addition to the apex-beat, and occasionally also when it is wanting, 
a diffuse impulse, or undulation of the tissues in the pnecordial region, 
may be observed, more particularly when the heart's action is abnormally 
Strong. — A certain amount of vibration is also often felt between the third 
and aixth costal cartilages and over the lower portion of the sternum; it 
arises from the systolic tension of the mitral and tricuspid valves, and is 
designated the valvular impulse. 

Vivisection teaches that the finger placed on any part of the exposed 
heart's surface experiences a distinct shock on the occurrence of each con- 
traction; but in normal circumstances, from the relative position of the 
heart and lungs, only the stroke of the apex is felt. The entire base of 
the heart is covered by lung, which renders the transmission of its impulse 
to any distance a matter of difficulty; and this difficulty is increased by 
the backward movement of the base at each systole, by the resistance of- 
fered by the ribs, and by the thickness of the thoracic parietes (including 
the pectoral muscles and adipous tissue) in that region. The apex, on 
the contrary, is in immediate coutact with the chest-wall, is formed chiefly 
by the powerful muscles of the left ventricle, and lies behind the yielding 
soft parts of the intercostal space; the most important consideration, 
however, is that this portion of the heart is tilted forwards at each systole, 
so that the tissues over it are of necessity raised along with it. 

If the foremontioned conditions, described as unfavorable to the occur- 
rence of a visible impulse over the base of the heart, be removed, the apex- 
beat is accompanied by a distinct base-beat; this is the case in children 
with tiiin and yielding chest-walla, in all cases in which the heart, in con- 
sequence of retraction of the anterior margin of the left lun^ (from atro- 
phy), is in close contact wit!i a large part of the thoracic panetes, and in 
all hypertrophies of the heart, especially of the left ventricle. 

In a few instances a double impulse, accompanying with more or less 
regularity each systole, has been observed (Skoda, Bamberger, Leyden). 
It ocours in aggravated cases of mitral insufficiency, and arises from the 
non -coincidence of the contractions of the two ventricles. To the first of 
these strokes alone the pulsation in the arteries corresponds, with the 
second it is wanting. This non-simultaneous contraction may be explained 
in the following way: when the mitral valve is markedly incompetent the 
OTerlilled right ventricle is unable to empty itself completely during the 
systole, and the next instant (during the diastole) is again distended with 
blood and so excited to renewed contraction; the left ventricle, on the 
other hand, takes no part In llie second phase of the contraction of the 
right heart, as it contains at this stage but a small quantity of blood, or 
if it does act in concert with the second contraction of the right ventricle, 
it does so with greatly diminished force. — It is quite conceivable that the 
so-called abortive contractions, that is, those which are so feeble as to 
produce no arterial pulse, often associated with grave mitral lesion, arise 
uom the aon-simultaneous contraction of the two ventricles^ though U 
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this assumption were correct a double impulse should aooompftny the cu- 
diac systole, which is not actually the case. 



Cause of thb Heart's iMFtrLss, 

During the diastole the intracardiao pressure ia equal at all pointaN : 
the inner surface of the ventricular walls, but when the heart conmcU 
and the blood ia thrown into the great vessels this pKssure suddenly W 
cornea leas over the heart's outlets than at the part diametrically oppcwite 
to them, — the apex of the heart; the latter, therefore, in consequence o( 
the recoil so generated, movea downwards and forwards at each systola 
It is the operation of the same force, the sudden development of a diffn^ 
enco in pressure, that sets in motion Segner's water-wheel, that produce! 
the recoil winch follows the discharge of firearms, and that causes a freely 
BUspeniled cylinder, filled with water and provided with an escape-pipe >t 
its lower end, to move backwards, in a direction opposed to that of tbe 
jet of water, when the stopcock is opened (Gutbrod, Skoda). But tb< 
recoil-theory explains only the impulse of the apex of the heurt, and not 
that of the base; the latter arises from the hardening and swelling of th« 
heart at the beginning of the systole (Arnold, Kiwisch, Ludwig). 

It appears to me, therefore, that the theory of Gutbrod and Skodi, 
and that advocated by Arnold, should not be regarded as antagonistic: 
each, taken alone, is capable of explaining only certain of tbe pathologi- 
cal phenomena dependent on the heart's action; taken together, they nt- 
isfactorily explain them alt. 

The essential appearances seen on exposing the pulsating heart by 
vivisection are: locomotion downwards and forwards combined with rotn- 
tion from the left side towards the right, and increase In tbickneas during 
each systole; (Ut these factors must be taken into account in studying 
the causes of the cardiac impulse, no theory being free from objectioo 
which is founded on only one of them. While it is generallr admitted 
that the impulse of the base of the heart is due simply to systolic increiN 
in thickness and firmness of the cardiac tissue at thRt part, authorities ire 
far from being unanimous in their explanations as to the manner in which 
the downward and forward movement of the apex, which gives rise to 
the apex-beat, is brought about. That the apes of the heart actually 
does move in the direction described, and at the same time rotates from 
left to right, has been frequently demonstrated, both in animals and in 
men suffering from thoracic fistula in the pnecordial region. Uamberger 
teaches that the change in the position of the heart is the result of the 
systolic stretching of the aorta and pulmonary artery, and Kornitzer that 
tne movement of rotation depends on the somewhat spiral arrangement 
of these vessels as they spring from the heart, — the ehmgation w hich they 
undergo making this spiral to turn slightly around on its vertical axis, 
carrying the heart with it. But Kornilzer's further hypothesis that this 
rotation has the effect of tilting tbe apex of the heart forward, and should 
therefore be ranked as the special cause of the cardiac impulse, has not 
yet been satisfactorily proved. The same objection applies to another 
theory, more recently introduced by Aufrecht, which finds the cause of 
the heart's impulse in the systolic flattening of the aortic arch, and which 
seeks to explain exclusively on this ground all the physiological and path- 
ological phenomena connected with the heart's beat; the observitiion thai 
with each systolic discharge of blood Into the aorta a diminution of ihs 
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^^fflrrKture of th&t vessel takes place, the aorta itaelf rising and the base of 
the heart sinking', is essentially corroborative of Bamberger's theory that 
the locomotion of the heart downwards is produced by the systolic stretch- 
ing of the vessel, Autrecht, however, holding that the pulmonary artery 
takes no share in the production of these changes. But whilst Bamber- 
f^er does not attempt to found any doctrine as to the cause of the heart's 
impuUe on this systolic depression of the heart by the eiungatiun of the 
great vessels, Aufrecht argues that to it is added a forward morement of 
the organ, and that these together give rise to the impulse. The two 
theorioa thus agree so far, in regarding the injection of the blood into the 
arteries as the cnuse of the apex*beat (the latter, indeed, instantly disap- 
pears, as Hiffelsheim and Jahn have shown, on cutting off the supply of 
blood to the chambers of the heart), but dilfer concerning the manner in 
which this cause operates. — The view which has found most wide accep* 
tanoe is that advanced by Gutbroii and adopted by Skoda, based on the 
physical principle of recoil. 

The two most important objections to the Gutbrod-Skoda theory are 

I the following; 1st, Bamberger, KOrschner, Scheiber, and others, maintain 
that the physical principle of recoil is not applicable to the heart, as those 
parts on which the force of the recoil should fall are precisely those which 
by their contraction generate the original force; a recoil, therefore, at 

, the apex would be overcome bv the counter-pressure arising from the con- 
traction of the heart from the apex towards the base. 

This counter-pressure, however, is in part neutralized by the downward 
IDOvement of the heart at each systole, but chiefly by the fact that the 
heart, as Skoda points out, does not contract simply from the apex to- 
wards the base, in the direction opposed to that of the recoil, but concen- 
trically, so that the increase of pressure on its walls is everywhere equal; 
in this caae the cardiac parictes are placed under exactly the same condi- 
tions as the sides of a cylinder filled with water, — they are subjected to a 
uniform pressure. 

2dly. Thesecond objection rests on the observation that that point on 
the inner surface of the heart which is diametrically opposite to the arte- 
nal oriGces does not coincide with the apex, but with a spot on the wall 
of the right ventricle (Scheiber); the recoil from the orifice of the pulmo- 
nary artery lakes effect on the side of the right ventricle, that from the 
aorta exactly on the apex of the heart, so that the resultant of these two 
forces passes through a point situated somewhat to the right of the apex. 
It is only in cases of unequal hypertrophy of the different parts of the 
heart that these relations are appreciably disturbed. 

Skoda meets this objection by the statements that the aortic and pul- 
monary orifices do not lie in the same plane; that the heart may, on aO' 
count of the intricate disposition of its muscular fibres, be considered as 
a single -chambered tubular organ, the lower part of which, diametrically 
opposite to the arterial orifices, suffer a certain amount of pressure from 
the current of blood flowing from it into the great vessels, the ari>a so 
affected being equal to the sum of the transverse sections of the pulmo- 
nary and aortic openings; and that this pressure is distributed over the 
surface of the lower segment of the heart, which assumes a conical form 
during the systole; and he concludes that it is not essential to the gen- 
eral accuracy of his theory that the force of the recoil should light exactly 
on the apex. Jahn has also recently shown that the resultant of the 
lines of recoil from the aorta and pulmonary artery falls precisely on the 
apex of tb« heart, as indicated by Gulbrod and Skoda. 
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Htffelaheim has demonstrated the recoil experimentally id ft etautr 
chouc heart filled with water, disoharf^in^ into an nrtiGcial AOrta; h« 
found that the force of the recoil is proportional to the volume of fluid 
contained, to the thickness of the walls of the artificial heart, and to the 
diameter of the aortic orifice. 

On p. 214 have been mentioned certain clinical facts which admit o( 
satisfactory explanation by means of the Gutbrod-Skoda theory only. 



Pathological Altkeations of tub Noemal Caedlac Ikpclsk. 



m pulse 



I displacement 



These affect the situation, force, and extent o 
1 the situation of the apex-bent e 
of the whole heart, which is very frequently tlie result of t 
position of the diaphragm, — when the latter is depressed the heart sinks, 
'when elevated the heart rises. 

Depression of the wliole diaphragm may be caused by bilateral eio- 
physema of the lunga, lowering of one-half by the presence of gas or flnid 
in one of the pleune. The dislocation of the heart in pulmonary emphy- 
sema takes place downwards and to the right, in effusion into the left 
pleura, when the fluid is moderately abundant, simply downwards, or 
when the quantity is excessive, to the right side, sometimes even as far 
as the right mammillary line; pyo-pneumotborax of the left side has tbe 

D Sects, though 
DOC usually to such a 
marked degree. On 
the absorption of the 
exudation, should the 
left lung fully expand 
as the fluid is remov- 
ed, tbe heart, if it have 
notfarmed adhesion to 
idii 




» 



returns gradually to 
its normal position. 

If the displacement 
of the heart towards 
the right be but slight 

the apex-beat remains at the natural level or, if the diaphragm be forced a 
little downwards by the weight of the iluid, sinks to a trilling extent; the 
position of the heart with regard to the direction of its axis usually con- 
tinues normal, however, that is, the apex is still the part whicD lie* 
furthest to the left. But as the heart approaches the sternum its axis 
becomes more and more vertical; if it be thrust beyond the middle line of 
the sternum the apex rises, from the greater elevation of the nti<:ldle se^ 
ment of the diaphragm, — the part over which the apex must, of course, 
pass when pushed over into the right side of the thorax; the impulse may 
then be felt in the fourth right intercostal space. The apex forms now 
the portion of the heart situated furthest to the right, as its movement is 
not hampered by its anatomical relations, whilst the base, from the man- 
ner in which it is bound down by the great vessels, is less capable of being 
altered in position. — Very copious effusions into the right pleura push 
the heart beyond its normal limits towards the left side, sometimes even 
as far as the axillary line. In most cases also in which tbe heart u di«- 
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placed by pleuritic enucJation the apex-beat is considerablv augmented in 
force, on account of the greati,-r resistance offered by the tluid to the emp- 
tying of the right ventricle; the pulsation not only of the apex but coiu- 
monly also that of a large portion of the heart's surface may then be seen. 
" 9 Fig. 39, p. 193. 

ime to occupy an abnormally high position as 
le luug, or of atelectasis of a lung after absorp- 
1 of long standing; or it may be driven from 
in the volume of the abdominal organs, par- 
, uterine, and ovarian tumors, and by ascites 
The heart rises higher in the thorax in proportion to the 
extent of the upward displacement of the diaphragm, and in extreme 
oaaea may pulsate in the third intercostal space. 

Contraction of the left lung causes the heart to beat not only at a 
higher level but also frequently to the outside of the mammlUary line, or 
even in the axillary line, as the mediastinum, like the diaphragm, is also 
dragged further into the diminished cavity of the thorax. In contraction 
of tne right lung the heart, with the anterior mediastinum, passes over to 
the right side, sometimes aa far as the right border of the sternum and 
even beyond it. 

Congenital malposition of the heart exists in oases of Inversion of the 
Viscera;, the heart is here found on the right side, beating in the fifth 
right intercostal apace, and the cardiac axis is directed from above and 
benind downwards, forwards, and to the right. 

The position of the apex-beat (or cardiac impulse) may further be 
modified by increase of the size of the heart, hypertrophy with dilatation. 

"When the left ventricle is hypertrophied and dilated it is chie6y in its 
long diameter that its size is augmented, so that the impulse is shifted 
downwards to the sixth, seventh, or even the eighth intercostal space; as 
the ventricle also gains sensibly in breadth the pulsation of the heart ex- 
tends outwards beyond the mamniillary line. 

In hypertrophy with dilatation of the right ventricle it is principally 
the breadth of the heart that is added to; its impulse, accordingly, passes 
further to the right than normally, sometimes to the right margin of the 
sternum or even to the right mammillary line. In cases in which the di- 
latation of the right ventricle is moderate in amount the cardiac impulse 
to the right is not so distinctly visible as it is to the left when the left 
ventricle is hypertrophied to an equal degree, the intercostal spaces be- 
ooming considerably narrower towards the sternum. 

In dilatation of the right heart the cardiac impulse overstepc the nor- 
mal boundaries also to the left and downwards; it reaches outwards to or 
even beyond the left mammillary line, and inferiorly often to the sixth 
intercostal space. Both these conditions are due cniefly to a change in 
the relation of the axis of the heart to that of the body: the heart, when 
the dilatation of its right half is considerable, assumes a less upright and 
more horizontal position. — In very pronounced cases of hypertrophy and 
dilatation of the left side of the heart, the impulse, though most marked 
towards the left, is appreciable beyond its normal limits also towards the 
right. 

The force of the heart's impulse presents groat differences even 
amongst individuals who are in perfect liealth, and is found also, other 
circumstances lieing the same, to vary chiefly with the energy with 
which the heart contracts. The impulse may be so teeakcned as to 
ewa pe detection either by eye or hand, or may, on the contrary, become 
' 11 J, 
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Boybrciftfe as to elevate and throw into vibration a large part of the chest- 
wall 

Enfeeblement of the cardiac impulse, even to such a degree that do 
perceptible shock is communicated to the hand, takes |>lace (apart from 
the physiologicai causes already mentioned on p. 15G) in the following 
circumstances : 

1. When the heart's action becomes less vigorous than in health. 
This may occur as the result of fatty degeneration of the cardiac muscu- 
lar fibres, or of inflammatory changes of the latter, due to myocarditis or 
arising in the course of severe acute affections; or it may be owing to the 
prolonged influence of a high febrile temperature (from the so-oalled 
albuminous iiililtration of the muscular fibres), or to abnormally feeble 
innervation of the heart. This disorder of the innervation may be of a 
transient character, as in an ordinary case of fainting, or it may I 
■ ■ selff ■• 




lasting or recurrent, presenting itself frequently as a concomitant symp- 
tom in many diseases of the nervous system; and, finally, it usually ap* 
pears shortly before death, indicating paralysis of the nervous system. 

2. When the heart is separated from the chest-wall bv any medium, 
which may either be interposed between that organ and the pericardium 
( — the presence of fluid, or rarely air, in the pericardium), or which cov- 
ers the heart (an emphysematous lung, for instance), or which comes be- 
tween the heart and the thoracic parietcs (such as pleuritic exudation, sir 
in pneumothorax). Displacement of the heart from the causes just men- 
tioned does not abolish the cardiac impulse, the latter being in such con- 
ditions usually visible at some other than the normal spot. 

3. When the heart has contracted adhesions to the pericardium. In 
these cases, as the systolic movement of the heart downwards and for 
wards is rendered impossible, the impulse is absolutely wanting, and in- 
stead of the raisina; of the tissues by the apex-heat we have systolic 
retraction taking place in the region where the former is normally felt 
(... p. 168). 

Finally, it is sometimes observed that when stenosis of the aortic ori- 
fice or of the left a u ricu I o- ventricular orifice reaches a certain degree of 
intensity the apex-beat is absent^ in such circumstaaces also the impulse 
of the base is, on account of the consecutive hypertrophy, much increased 
in force and spread over a larger surface than naturally. 

The absence of the apex-beat in severe stenosis of the aortic orifice 
admits of very satisfactory explanation by means of the Gutbrod-Skoda 
theory of the causation of the normal impulse, and in the following way: 
— the force of the recoil depends, not only on the energy with which the 
ventricle discharges its contents into the arterial system, but also on the 
rapidity and volume of the current of blood, that is, on the diameter of 
the aperture of exit. When this diameter is encroached upon in stenosis 
the quantity of blood propelled from the ventricle in a given unit of time 
becomes less, so that the diminution in pressure at the aortic orifice ii 
not so marked, nor is the systolic difference between the pressure at the 
aortic orifice and that at the apex of the heart so great, as under normal 
conditions; the recoil of the apex, therefore, that is, its systolic locomo- 
tion downwards and forwards, is also less, and may become so slight as 
to be no longer appreciable. 

In like manner the want of the apex-beat in severe stenosis of the left 
auriculo-ventricular orifice may readily be accounted for; the constriction 
prevents the left ventricle being so completely filled with blood as it 
should be before its contraction, and the systolio difference between ihe 
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pressure over the aortic orifice and that at the apex of the heart is conse- 
quently abnomially small. 

The force of the cardiac impulse is increased by whatever strengthens 
the hearths contractions: in health, therefore, this takes place from men- 
tal excitement or violent physical exertion; pathologically it ooours in all 
febrile conditions, in inflammatory diseases of the heart, endocarditis, 
pericarditis (in the latter, however, only so long as the exudation ia 
insufficient in quantity to obscure the perception of the shock), in the 
various neuroses of the heart (which may exist independently of any 
other disease, or may complicate other morbid processes of the most 
diverse kinds), and in all those conditions which favor the transmission 
of the heart's impulse to the surface, such as condensation of the upper 
lobe of the lung, retraction of the margin of the left lung, &c. This phe- 
nomenon is met with moat often and in its most aggravated form, as the 
result of increase of the muscular substance (hypertrophy) of the heart. 

The impulse Is the more forcible the more the hypertrophy of the mus- 
cular structure of the heart preponderates over the dilatation of its cavi- 
ties; should the hypertrophy cease to increase, or should it even decrease, 
as it frequently does in the more advanced stages of the disease, from 
fatty degeneration of the muscular fibres, so that the dilatation comes to 
be a more prominent feature in the case than the hypertrophy, the im- 
pulse of the heart grows feebler; this is observed in the later stages of all 
cardiac lesions. 

The heart's impulse is stronger in hypertrophy of the left ventricle 
than in that of the right. When the power of the left side of the heart 
is increased to a considerable degree the impulse takes on a heaving char- 
acter, and in severe cases the greater part of the front of the left side of 
the chest is elevated and thrown into distinct vibration each time the 
heart contracts; in the diastole the raised portion returns sharply and 
with some force to its original position. Such a heaving impulse is never 
observed in hypertrophy of the right ventricle, as in the latter the thick- 
ening of the cardiac muscle is not so great as in the left ventricle; white 
die toicknesa of the hypertrophied wall of the right heart amounts only 
to J — 1 ctm. or very little more, that of the hypertrophied left heart 
reaches 2 — 2^ ctm., or even slightly exceeds that measurement. In a 
large number of cases also an increase in the force of the cardiac impulse 
from hypertrophy of the right ventricle is not very readily detected by 
the eye, as the right side of the heart ia not so favorably situated ana- 
tomically as the left for the conduction of its stroke to the surface (com- 
pare p. 161); it may, nevertheless, always be felt, by placing the hand on 
the lower part of the sternum. — Other things being equal the impulse of 
the heart is most powerful in enlargement of the whole organ. — When 
the hypertrophy of either ventricle is considerable it may give rise to very 
marked prominence in the pra-eordial region, particularly in young per- 
sons, whose thoracic parietes yield readily to pressure. 

The following is a short statement of the general causes of hyper- 
trophy of the heart. 

Hypertrophy of the heart is almost invariably the result of the exis- 
tence of obstacles to the free circulation of the blood; to overcome these 
obstacles more energetic contraction of the heart is necessary, an<l this, 
aa in every case in which a muscle is habitually called upon tii exert ita 
full power, leads to an increase in the bulk of the cardiac muscular sub- 
stance. The development of hypertrophy is always preceded by dilats- 
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tion of that ventricle which, on account of the resistance encountered in 
the syatemio or pulmonary circulation, is unable to empty itself oora- 
pletely of its blood at each contraction. Hypertrophy is thus always as- 
sociated with dilatation of the corresponding ventricular cavity. This is 
hypertrophy. 

Hypertrophy (nith dilatation) of the left ventricle arises from the 
presence of some impediment to circulation in the aortic system, hyper- 
trophy {with dilatation) of the right ventricle from obstacles in the pul- 
monary system. Other conditions being similar, the thickenineis usually 
the more marked the nearer the obstruction lies to the ventricle. 

Hypertrophy of the left ventricle ms.y be caused by atrophy of the 
kidneys, by sclerosis of parts of the aortic system, by atheromatous de- 
generation of the walls of the aorta, by stenoses of the aorta, by aneur- 
isms of the aorta (when complicated by lesions of the aortic valves), by iu- 
sufficiency of the aortic valves, and stenosis of the aortic uriUce. 

Hypertrophy of the right ventricle may be due 

1. 'I'o engorgemetit of the puimonan/ circulation. It is in this way, 
by impeding' the return of the blood through the pulmonary vein, thai 
mitral lesions (insufSciency and stenosis), cause enlargement; in order to 
enable the right ventricle to rid itself of the whole of its contents, not- 
withstanding the opposition presented by the overloaded condition of the 
pulmonary vessels, its muscular mass undergoes large increase. 

2. To obliteration of a larye iiumber of the pulmonary capiliaria. 
This arises from vesicular emphysema, atrophy of the lung from chronic 
interstitial disease, prolonged compression of the lung by pleuritic exu- 
dation, and from lateral and angular cun'aturcs of the spinal column. In 
these cases it is inevitable that the right ventricle should undergo a cer- 
tain amount of hypertrophy, that it may contract with sufficient force » 
open up a pathway for the blood through the already reduced area in 
which it circulates in the lungs.* 

3. To valvular lesions at the orifice of the pvlmonary artery (stenosis 
of the couus arteriosus or of the ramifications of the pulmonary artery, in- 
BufGoiency of the semilunar valves at the root of the same vessel, — botli 
very rare affections.) — Incompetence of the tricuspid valve is usually asso- 
ciated with hypertrophy of the right ventricle, which, again, is chiefly the 
result of the concomitani mitral lesion, and which, in uncomplicated cases, 
is exceedingly slight. 

If the circulation bo obstructed both in the aortic and the pulmonary 
systems, (as in cases of lesion of the aortic and mitral valves), hyper- 
trophy of both ventricles takes place. Severe aortic lesions alone may oc- 
casion thickening of the right as well ss of the left ventricle, as in the 



* BSamler has recently made the nasertion that extenaive, but more portiralarlr 
complete aithfion of the ptevrai mirf/ieei to each otbar gives rise to a duposition U> IM 
developmeiit of Ag}ierlro]}hg of the hairt, aa the free eijuuuioo ot tho variou* putts of 
the lauga is thus hampered or pieveoted aud the elustioily of the lungs diminished. 
' Bm M diminution of the elastioity of tho pulmonarj tismie impedea Lhe outflow o/ 
blood from the pulmonnrf veius townrdn the left ventricle the polmonaiy circnlstioB 
becomes overloaded, and the work which the right hoart ban to pertonu ia increued. 
There U thus produced a lUnp-'nliim. tn hypertrophy of the right heart, the oocmrcnee 
of which in snob csaes is genprnlly further favored by other concomitant oiroom- 
stancea. — When at a later stage the congestion eitondB aluo to the ajstemic veina. Kid 
the left ventricle is thna cnllcd upon to contract mora energetically, tbe left side ot 
the hcEirt also becomes enlarged, though not nsnall; to such a oonaiderable degree U 
the right. 
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more advanced stages of aortic valvular disease congestion of the pulmon- 
ary circulation also appears. 

The auricles also undergo hypertrophy when, from contraction of the 
auriculo-ventricular orifice, they are unable to empty themselves entirely, 
or when, from insufficiency of the auriculo-ventricular valves, the blood 
regurgitates at every systole from the ventricles into the auricles, so that 
the latter are kept constantly in a state of overdistension; in both affec- 
tions the complete evacuation of the auricles becomes impossible, and 
conditions are presented which are favorable to the development of hy- 
pertrophy of these parts, (of the left auricle, for instance, in stenosis and 
insufficiency of the mitral valve). 

Hypertrophy with dilatation of the ventricles may also arise indepen- 
dently of the existence of any mechanical hindrance to the circulation, 
and due simply to overaction of the heart. Though the truth of this 
doctrine has often in the past been held doubtful it has recently been 
firmly established on the strength of numerous and accurate observations. 
This form of hypertrophy without any trace of valvular lesion is devel- 
oped especially after violent and prolonged physical exertion, as in sold- 
iers as the result of long and fatiguing marches, &c., and amongst the la- 
boring classes; its production is also sometimes favored by undue indul- 
gence in spirituous liquors and by immoderate smoking. 



Extent of the Heart's Impulse. 

An impulse whose breadth within the fifth intercostal space amounts 
to more than 2^ ctm., and which thus passes beyond the mammillary line 
to the left or the parasternal line to the right, — provided there be no dis- 
placement of the organ as a whole, — ^invariably indicates hypertrophy of 
the heart. 

The heart's impulse in hypertrophy may be distinctly appreciable, both 
to the eye and hand, in two or even three intercostal spaces at once; 
when the enlargement is considerable and limited to the left heart the 
pulsation may manifest itself in these spaces with greater or less inten- 
sity as far outwards as the axillary line, or when the right half of the 
organ is affected it may extend in the other direction to near the right 
mammillary line. 

It is to be borne in mind, however, that the heart may pulsate in at 
least two intercostal spaces and yet show no trace of hypertrophy, as 
when it lies in immediate contact with a larger part of the chest-wall than 
usual, from retraction of the anterior border of the left lung as the result 
of atrophy. But never, in such cases, is the apex-beat felt to the outside 
of the mammillary line to the left or beyond the parasternal line to the 
right, a fact which, apart from other points brought out by further exam- 
ination, renders it impossible to mistake this condition for a genuine hy- 
pertrophy of the heart. — Hypertrophy, especially in children and young 
persons, announces itself not only in the character of the impulse, but 
also by giving rise to a certain degree of prominence of the praecordial 
region; in older patients, whose chest-walls are more rigid, this promi- 
nence is more seldom observed. 

The various signs which have been discussed in this section always 
enable us to recognize whether the heart is normal with regard to posi- 
tion, whether it is hypertrophied and dilated, whether the increase in size 
is limited to the left or right ventricle or affects both ; and the diagnosis 
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BO arrived at is almost invariably a sound one, partioularly nfaen the ex- 
amination of the impulse by inspection and palpation is followed up by 
the inspection of the arteries (see p. 169) ; but a moderate amount of hy- 
pertrophy of the right ventricle may escape notice by inspection when 
the heart is covered oy emphysematous lung. 



Systolic PtrLSATioirs, 

(prooeedfng partlj from the beart and putlf from tiia gatt TfHiTi) 

1. S>/stolic Ptdaation in the Epigastrium, 




This may be synchronous vHth the apex-beat in the normal sitofttua, 
or may exist alone, when no other impulBO is perceptible in the priecordial 
region. — The first condition is very frequently observed when the heart 
is acting with increased energy, and is then simply owing to the trans- 
mission of the normal impulse to that part ; it disappears when the heart 
again begins to act quietly. — In another class of cases the epigastric pul- 
sation accompanying the normal apex-beat is merely the transmitted 
pulse of the abdominal aorta. In such circumstances it depends on the 
presence of conditions which either strengthen the pulse of the abdom- 
inal aorta or which facilitate its conduction to a distance; the force with 
which that vessel expands is increased in hypertrophy of the left ventri- 
cle from whatever cause arising (excepting only that connected with 
stenosis of the aortic orilice), and the impulse is more readily conveyed 
through thin and lax abdominal coverings (as in women after seven) 
pregnancies) and through an enlarged and depressed left lobe of the 
liver. — Epigastric pulsation propagated from the abdominal aorta appears 
an instant later than the heart's impulse, and is also not strictly confined 
to the epigastrium, but extends over a considerable part of the abdom- 
inal surface ; in cases of aneurism of the abdominal aorta and of tbo 
cifliac artery the greater part of the abdominal wall may be caused lo 
pulsate. — The recognition of epigastric pulsation conducted from the 
abdominal aorta is thus comparatirely easy, as that vessel may be di- 
rectly examined by the hand, provided the tension of the recti musdes 
do not interfere to any great extent with the proper performance of pal- 
pation. By compressing the abdominal aorta at a more distant point the 
epigastric pulsation may be increased in force. 

The second variety of systolic pulsation in the epigastrium, that in 
which the heart's impulse is either entirely wanting in the normal situ- 
ation or is weak and diffuse, occurs when the diaphragm is depressed, 
particularly when at the same time the right ventricle is hypertrophied. 
Both factors are present in the severer forms of vesicular emphysema of 
the lun^s : here the heart is drawn downwards and to the right, so that 
each contraction of the enlarged right ventricle gives rise to an impulse 
in the epigastrium. 

The objection that the epigastric pulsation in emphysema can have no 
connection with the right ventricle, as the latter does not move towards 
the epigastrium during the systole (Friedreich), but that It is due rather 
to the expansion of the abdominal aorta, Is disposed of by the observation 
that in emaciated subjects the heart may be felt as a pulsating body 
through the tissues in the epigastrium ; the results also of the disReclioo 
of the dead body previously frozen, show that in pulmonary emphysoma 
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the heart is displaced laterally, towards the sternum. — In those cues in 
which besides the epigastric wave there is alse an apex-boat, the latter ia 
always feeble and appears at a lower level and nearer the inner border of 
the costal arch than normally. 

(For some remarks on the systolic wave seen in the upper part of tbe 
abdomen, occurring in certain rather rare cases and caused by pulsation 
of the hepatic veins, sec p. 175.) 



2. Syttollo FuUation in the Great VesseU, 

To this category belong the pulsations of the aorta and thesubclavian 
artery, and the pulsating aneurisms of the aorta (anourisms of the as- 
cending, tranaversB, and descending portions of the arch of the aorta). 

The pulsations of the aorta and subclavian artery are seen externally 
when the left ventricle undergoes any considerable degree of thickening; 
they are most distinctly visible, and perceptible also to the finjjer, at those 
parts at which these vessels approach moat closely to the chcst-walt, — ia 
the case of Che aorta, in the second right intercostal space at the sternal 
insertion of the third rib, and also a little below that point, and in the 
case of the subclavian artery, the region immediately above, and more 
especially that immediately below, the clavicle, towards its acromial end. 

The stroke is still more energetic when the aorta (rarely the subclavian 
artery) is the seat of aneurismal dilatation. Aneurism of the ascending 
aorta <the moat common variety of aneurism) forms a pulsating tumor in 
tbe second right intercostal apace near the aternum ; that of the trans- 
verse part of the aortic arch is situated at the level of the manubrium 
Bterni, but reaches to a variable distance to the loft o£ that bone acooril- 
ing to the size of the aneurismal swelling ; that of the descending aorta 
renders prominent a part of the left posterior surface of the thorax, in 
the neighborhood of the lower dorsal vortobr;e. 

The foregoing statement of the anatomical relations of thoracic aneu- 
risms is applicable only to such as are of but moderate sise, not to 
th(Me which exceed ordinary dimensions. Very large aneurisms (of the 
arch, for instance), which cause a certain bulging outwards of the surface 
of the chest, form large pulsating tumors in the left half of the thorax; 
and the external appearances, with respect to the situation and extent of 
the pulsation, are found to vary according as the aneurismal swelling 
nirings from one or other part of the arch, its convexity or its concavity, — 
The same remarks apply to aneurisms of the descending aorta. — The seat 
of the pulsation in aneurism of the ascending aorta is almost invariably 
that indicated above, though t have seen one case in which an aneurism 
limited to tliis portion of the vessel showed itself aa a pulsating tumor to 
the outside of the left border of the sternum, — The rarely- occurring aneu- 
risms of the abdominal aorta cause a visible and rhythmical undulation of 
the surface in the upper part of the abdomen. Their diagnosis may usu- 
ally be effected by direct examination, aa both the saccular variety and 
the oylindrically dilated abdominal aorta are easllv accessible to palpa- 
tion; nevertheless, it the tumor be situated at a high point in the course 
of the vessel, behind the liver, it is obviously beyond tbe reach of exami- 
nation by the hnger. 

All these pulsations are either exactly synchronous with the heart's 
beat or take place immediately after it. Before an aneurism has become 
nffioiently large to produce any bulging of the surfaoe, the diagnosis be- 
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tween aneurismal pulsation and that due to the transmission of the car- 
diac impulse or an abnormally forcible arterial pulse, is based partly on 
the circumstance that between the two centres of pulsation, the aneurism 
and the heart, intervenes a region in which there is no pulsation. Other 
differential signs are obtained by palpation (see p. 180), percussion (the 
aneurismal swelling is dull to percussion), and ausoultation. 

Concerning the diastolic pulsation often seen but much more clearly ^ 
perceptible to the touch) in the second left intercostal space and produced 
by the closure of the valves of the pulmonary artery, and with reference 
to a similar, though somewhat rarer, pulsation in the second right inter- 
costal space, caused by the closure of the aortic valves, see p. 181. 

Instead of systolic pulsation systolic retraction of certain points in the 
prsecordial region is sometimes observed, either accompanying the apex- 
beat or occurring in its absence. 

1. Those systolic retractions which accompany the normal apex-beat 
appear in the third and fourth intercostal spaces; the heart is sometimes 
in these cases in all respects normal, generally it is acting unusually ene^ 
getically, most commonly it is hypertrophied, and in contact with a oo^ 
respondingly large portion of the chest-wall, the margin of the left lung 
being pushed back; such depressions, are more frequent in young per- 
sons, particularly in children, whose thoracic parietes are thin, than 
amon^ adults, whose thorax is less yielding and is protected by thicker 
coverings. In these circumstances, when the heart acts with undue force 
each systole is attended by an exceedingly rapid undulatory movement 
passing over the prsecordial region from above downwards, and a slight 
recession of the surface in the third and fourth intercostal spaces. The 
explanation of these phenomena is very probably this, that with the sys- 
tolic locomotion of the apex to the left, downwards and forwards, is com- 
bined a movement of the base of the heart backwards and to the right; 
this creates an empty space between the base of the heart and the chest- 
wall, to fill up which the superficial soft parts are dragged inwards. These 
depressions have no diagnostic importance. 

This explanation of the occurrence of systolic recession in the inter- 
costal spaces at a point situated above that at which the apex -beat is 
seen, is, however, not perfectly satisfactory; the objection to it which 
has most weight is one suggested by Friedreich, that during the systolic 
movement of the apex downwards the space left vacant by the contract- 
ing portion of the heart, to occupy which the tissues immediately over it 
are said to be retracted, is at once taken up by another part of the heart 
in a similar state of contraction. It is nevertheless quite conceivable that 
the upper segment of the cardiac muscle is less considerably enlarged, 
particularly in the direction of its antero-posterior diameter, than the lower 
portion, and that in that way the depression of the intercostal spaces may 
be brought about. 

2. The less common form of systolic retraction is also the more impo^ 
tant of the two, that in which the apex-beat is completely wanting. In 
these cases the soft parts in the fifth intercostal space recede, are not ele- 
vated as they should be, on each contraction of the heart; this change 
may either be limited to the area usually occupied by the normal apex- 
beat or may extend over nearly the whole of the prascordia, so that even 
the sternal ends of the ribs and the lower end of the sternum are drawn 
inwards. This phenomena is pathognomonic of adhesion of the heart to the 
pericardium (Skoda) or of the pericardium to the substernal connective 
tissue and the diaphragm. The degree and extent of the adhesion may 
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vith the connective tissue investing the ribs, the latter also are similarly 
acted upon; and finally, if the heart be completely adherent to the tissues 
round it on every side, the systolic depression involvea a large part of the 
surface of the left lower segment of the thorax. To overcome all these 
difficulties in the way of the proper performance of its functions, the heart 
necessarily acts with increased energy. — It is nevertheleaa sometimes ob- 
•erred that depressions limited to the region in which the apex-beat usu- 
ally manifests itself, may be dependent on adhesions of very trifling ex- 
tent.* — When the contractile power of the heart is greatly diminished, 
the systolic retractions disappear, notwithatanding the existence of exten- 
sive and intimate adhesions. f 

The parta of the thorax which, on account of the adhesions formed by 
the heart, are at each systole dragged inwards towards the vertebral 
column spring back again during the diastole to their former position; if 
the systolic retraction is confined to the spot at which, in normal circum- 
stances, the apex-beat is felt, this region becomes markedly prominent 
during the diastole, constituting a diastolic cardiac impulse or apex-boat, 
— tlie only esoeption to the general rule that the apex-beat is systolic in 
rhythm. 

Inspkction of the Arteries. 

The increased pulsation of the aorta in hypertrophy of the left heart 
and in oases of aneurism has already been under consideration. In the 
aame way the force of the pulsation in the further ramifications of the 
aorta, — the carotid and subclavian arteries, &c., may be taken as a meas- 
ure of the degree of power being exercised by the heart. 

While the heart is acting quietly the arteries in the neck pulsate 
feebly, the carotid wave appearing only in the fossa between the stemo- 
moatoid muscles, and that of the brachial and radial arteries only when 
the arms are held in a suitable position. When the heart acts more pow- 
erfully, but still within physiological bounds, arterial pulsation is to a 
corresponding degree increased, and is particularly noticeable over the 
larger veaaela. In hypertrophy of the left ventricle the pulse becomes 
still more forcible, that of the carotid bein^ clearly seen through the soft 
tissues of the neck; and smaller veaaela 'which at other times are scarcely 
visible, such as the temporal arteries and the smaller branches of the 
brachial and femoral arteries, pulsate prominently and appear dilated and 



* Traiiba hoa deu^ribed one case nf distjact tiit'oUe retraetion, in which there was 
no lulA/xim at the heart to the |iflrionr<liura. The retcBction was found on p/at-nttr- 
fiw exanunntlon, to be oaoned by the pregeocB of a oongenito! fold on the poBlerior 
sarfftoe of tbc heart, passing from the upper end of Iha pulmcnnty artery tn tbe left 
auTivle. 00 idtaBted that the »yiitolie moveroent of tbe heart to tbe left aud dowawnnta 
was prevcnced. or ftt leaai limited. 

f A caw3 of this kind baa como under my own oatice : on eiamining the body of a 
patient who had died in the Btane of iwpbyxla in choiera, the heart was diaoovered to 
be adherent at nearty every pomt to the HunoundioR tiBBaea. yet during life no tiaoe 
of ntmotion was seen (the oordioo impnlM waa not puroeiitlble). 
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tortuous. — ^The phenomena attendant on hypertrophy of the right side of 
the heart are characteristicallj different from those m the domain of the 
systemio vessels in enlargement of the left ventricle. Here the arterial 
pulse is not only not rendered stronger, but it is frequently feebler than 
usual, as, from the engorged condition of the pulmonary circulation, of 
which the hypertrophy of the right ventricle is but another of the results, 
the aortic system of vessels contains a smaller volume of blood than no^ 
mally. Enlargements of the right and left ventricles are therefore often 
distinguishable from each other at the first glance by simple inspection 
of the arteries. And further, as any considerable degree of hypertrophy 
of the left ventricle, if the strongly pulsating arteries are at the same time 
dilated and tortuous, is generally due to insufficiency of the aortic valves, 
and as, on the other hand, hypertrophy of the right ventricle is most com- 
monly caused by mitral lesion, a careful inspection of the arteries oft^ 
enables us to come to at least a genercU conclusion regarding the seat of 
the impediment to the circulation. 



Inspection of the Veins. 

The pathological phenomena observed on inspection of the veins are 

1. Migorgement of the venous system, and therefore visible dilatation 

of the superficial veins; 

2. Certain movements^ seen almost exclusively in the jugular veins, 

the result either of the respiratory expansion and contraction of 
the thorax {unduUttory movements) or of the movements of the 
heart {venous pulsation). 



Venous Congestion. 

Of all the superficial vessels near the heart the cervical veins show the 
greatest differences with regard to the amount of blood they contain at 
different times in health and disease; they are therefore well adapted 
for examination by inspection. Even in normal conditions the external 
lugular vein as it crosses the sternomastoid muscle may, by simply turn- 
ing the head to one side, be made to stand out prominently on the skin 
as a thin, somewhat bluish-colored cord; the internal jugular vein, on 
the contrary, placed deeply as it is between the two lower divisions of 
the same muscle, never comes into view. — The reason for this is found in 
the fact that the vertical course of the cervical veins promotes a rapid flow 
of blood from the head towards the heart; this tendency is still further 
favored by the act of inspiration, which lessens the pressure within the 
innominate veins and the superior vena cava (into which the jugular veins 
empty themselves), and in that way by a kind of aspiratory action, 
quickens the current through these vessels. 

Asa pathological phenomenon congestion of all the veins of the body, 
particularly of those of the neck, is met with under the following circum' 
stances: 

1. When the contractile power of the right ventricle is diminished; 
the latter is then unable to discharge itself of the whole of its contents, 
and so fails to accommodate all the blood which should enter it from the 
right auricle, and the auricle itself, and eventually also the venous trunks 
and the whole venous system, become unduly distended with blood. — Of 
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all the cbanges in the organs o( circulation, mitral insuEGciency and 
striction of the left auriculo-vontricuiar orifice, and of the 
the respiratory apparatus those irhich lead to persistent congeation 
the pulmonary circulation, and so to hypertrophy of the right heart, and 
at a later stage to fatly deg'eneration of the cardiac muscular fibre, arc 
the diseases which most commonly give rise to swelling of the cervical 
veins in the manner described; a good instance of such a sequence of 
events is furnished by chronic vesicular emphysema of the lungs. 

3. When the pressure on the venous trunks within the thorax (the 
veiue cav^e) is from patliological causes so augmented that they are no 
longer able to receive all the blood flowiog towards them. 

As in normal conditions the increase of the intrathoracic pressure 
which takes place during expiration checks the flow of the venous cur- 
rent, — an effect, however, which is neutralized and even more than com- 
pensated for by the accelerating influence of inspiration, and which, 
therefore, in health is never seen externally, — so also in pathological oir- 
cumatances a persistent increase of the same intrathoracic pressure re- 
sults in an equally persistent over-loading of the veins of the neck; co- 
pious pericardial and pleuritic effusions, large mediastinal tumors and 
aneurisms of the aorta, pneumothorax, and the severer forms of pulmon- 
ary emphysema (in which expiration is much prolonged and usually 
effected only with the aid of the auxiliary muscles of respiration), are 
among the affections in which the phenomena under discussion are ob- 
aerred. In the more advanced stages of emphysema the swelling of the 
cervical veins (and also of those of the body generally) becomes a very 
striking symptom, because not only does the right ventricle act more 
feebly, as already pointed out, but the pulmonary capillaries are exten- 
sively atrophied and obliterated and the volume of blood permitted to 
circulate through the lungs thus greatly reduced. 

In rare cases, particulady of fibrous raediastinitij 
appearances may be seen, distension of the juguli 
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The sweUing of the veins of the neck is much more conspicuous while 
the patient is lying on his back than when standing or sitting, as in the 
former position the flow of blood into the auricle is considerably retarded. 
The respiratory movements, also, have an important influence on the cer- 
vical veins with respect to their state of distension, an influence which 
is, further, more marked when decubitus is dorsal; in inspiration the 
veins tend to collapse, the blood they contain being rapidly drawn off, 
while in expiration they are speedily refilled and stand out on the surface 
as distinct bluish cords. Coughing renders the veins still more turgid, 
the sinus of the jugular vein then becoming especially prominent and ap- 
pearing as a largo bluish-colored swelling. These effects of the different 
phases of respiration, however, are noticeable only in those pathological 
conditions in which the jugular veins are persistently dilated and over- 
filled. In the healthy aubjeot engorgement of the veins of the neck (or 
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of the facial veins, causing cyanotic discoloration) may be excited by re- 
peated complete expiration, by fixing and for some time retaining the 
chest-walls in the position most favorable to expiration, or by prolonged 
and severe coughing. 



Movements ts the Veins op the Neck« , 

These consist occasionally of a rhythmical dilatation of the veins, de- 
termined by the movements of respiration; or they may be of an itndu- 
lating character, taking the form of a continuous, but non-rhythmioal 
succession of waves passing along the distended vessel, due jointly to the 
expansion and contraction of the chest in respiration and to the action 
of the heart; or, finally, they may be of the nature of a pulsation, depen- 
dent solely on the movements of the heart (venous pulse). 



Undulation op the Jugular Vein. 

Undulatory movements, like the various degrees of congestion of the 
jugular veins coinciding with the different phases of respiration, indicate 
a state of engorgement of the pulmonary circulation. They, however, 
are also considerably modified by the action of the heart: an obstructed 
lesser circulation always leads to overloading of the right auricle, each 
systole of which throws a small quantity of blood back into the vena cavi 
superior, engorgement of the latter ensues, the current of blood througb 
the jugular vein becomes slower (or is possibly sometimes arrested for an 
instant), and local congestion is developed. This mass of blood thus 
forced backwards into the vena cava by the contraction of the over-filled 
right auricle, on the one hand, and the simultaneous retardation of the 
outflow of blood from the jugular veins, on the other, combine to dilate 
these veins and communicate a distinct impulse to their contents; and as 
the veins once thrown into commotion do not immediately return to a 
state of quiescence, and as they are further also subjected to some dis- 
turbance and caused to swell up by the expiratory movements, the agita- 
tion of their walls, when the impediment to circulation through the lungs 
is of a serious character, becomes undulatory and almost continuous. 

Undulation of the veins of the neck, therefore, which occasionally also 
extends to the smaller vessels opening into the jugulars, can arise only in 
those cases in which the cervical veins show a considerable amount of en- 
gorgement even during inspiration, when circumstances are most favo^ 
able to the rapid passage of the venous current. — Expiratory distension 
(not undulation) is observed in the superficial brachial veins, but only 
during severe attacks of coughing. — Of all the diseases which involve 
congestion of the veins of the neck, it is in intense pulmonary emphy- 
sema and in stenosis of the left auriculo- ventricular orifice that undulation 
of these vessels occurs most frequently and in its most marked forms. 



Venous Pulsation. 

This presents itself as a rhythmical elevation of the walls of the inter- 
nal jugular vein, coinciding with the systole of the heart or sometimes 
barely preceding it, always clearly perceptible to sight and touch, — ^most 
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clearly when decubitus is dorsal. The vein pulsates eitber 

length, the impulse being always propagated from below upwaras, or 

only its lower part, the sinuB, partakes in the movement. 

The venous pulse frequently consists of only a single throb, synehron- 
ous with the systole of the heart; at other times the wave is double, in 
ivhich case the first part, that preceding the systole (presyatolie), is the 
weaker, aud the second, that coinciding with the systole, the stronger. 
When the systoiic pulse is double the diastolic collapse of the veins is 
divided similarly into two distinct movements. A double systolic wave 
( A tiadi erotism) and a double diastolic subsidence of the walls of the ves- 
sel (Katadicrotism) are usually readily detected by simple inspection and 
palpation; the reduplication may be more accurately demonstrated, how- 
ever, by means of the sphygmograph. 

The persistent distension to which a pulsating jugular vein is sub- 
jected largely increases its calibre: in one case that was under my own 
care the breadth of the vessel was 1 ctm. — To mistake the venous pulse 
for that of the carotid artery is hardly possible; if it be suspected that 
the pulsation is communicated from that artery to the jugular vein such 
a source of error mav easily be excluded by so altering the position of 
the head that these vessels are brought into less close relation to each 
other. If the pulsation be presystolic as well systolic, and somewhat 
feeble, it rather closely resembles simple undulation, from which, never- 
theless, it may be at once distinguished by pressing upon the vein with 
the linger: undulation disappears below the point at which pressure is 
made, (that is, in the central part of the jugular vein, that nearest the 
beart), while pulsation continues, and is even intensified, by the proceed- 
ing described. 

Venous pulsation is caused by the regurgitation of a wave of blood 
which, during the systole of the heart, passes upwards into the vena cava 
superior and through it into the innominate veins and the jugulars. Such 
regurgitation most commonly depends on insulEciency of the tricuspid 
valves; ea<^h contraction of the right ventricle drives a portion of its con- 
tents backwards through the right auricle into the superior cava and the 
innominate and jugular veins. The greater part of this backward wave 
reaches the right jugular vein through the right innominate vein, as the 
latter is continuous, in almost a direct line, with the vena cava superior, 
'while the left innominate vein joins it at nearly a right angle. The ve- 
nous pulse is therefore more marked on the right side than on the left; in 
the latter situation it may even be completely wanting. — In the early 
stages of the affection the upward progress of the impulse is checked by 
the closure of the valves with which the jugular veins are furnished, and 
the pulse is thus confined to the lower part of the vessels, particularly to 
the sinus, and coincides exactly with the systole of the heart; beyond the 
pulsating sinus undulation of the vein may be observed, the result partly 
of the shock which is transmitted through the whole length of the vein, 
and partly of the obstruction presented to the free outflow of blood. 
Gradually, however, the jugular valves are overcome by the persistent 
pressure from below, they lose their elasticity or are perforated or torn, 
and so become incompetent; the regurgitating wave then rises above the 
valves, and pulsation is perceptible in the jugular vein as high oven as 
the angle of the jaw. In cases of insufficiency of the tricuspid valve, be- 
sides the systolic pulsation just mentioned, there may be a distinct, 
though much feebler, presystolic pulsation, due to the regurgitation of 
Uood vfaiefa takes plaoe on oontraction of the overfilled right auricle. 
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Presystolic and systolic pulsations of the jugular 
without exception, pathognomonic of absolute or relat 
the tricusptil valve. 

Absolute insufficiency of the tricuspid valve is the result of orginic 
lesion, vbile relative insufiiciency is caused by excessive dilatation of the 
right suriculu- ventricular oritice from the unduly large quantity of blood 
contained in the right heart, the valves themselves being intact. IteU- 
tive insufBcienoy of the tricuspid valve occurs also with stenosis of llw 
mitral orifice*: venous pulsation is set up therefore in these cuibs, tlw 
whole length of the jugular vein being involved when its valves are in- 
competent, or only its lower part bo long as these structures continue to 
perform their office, — But venous pulsation may also be observed, inde- 
pendently of the existence of any relative insufficiency of the tricuspid 
valve, in cases of stenosis of the mitral orifice; this symptom, indeed, ii 
comparatively common in the severer forms of this valvular lesion. It ii 
produced by the contraction of the overloaded right auricle, (and isie- 
cordingly presystolic), is but feeble, and limited to the lower part of tbs 
jugular vein. — And finally, in certain rare cases venous pulse is developed 
in the absence ot any afteotion of the heart, that is, without mitral lesion, 
from simple uncomplicated insufficiency of the valves of the jugular vein 
(Friedreich). In pathological conditions, (pulmonary emphysema for ex- 
ample), which give rise to persistent obstruction of the current of blood 
through these vessels, their valves yield gradually to the strain they have 
to bear in each expiration, they become relatively or really insufficient, 
and on the contraction of the right auricle a quantity of blood is thrown 
back into the jugular vein; but a venous pulse generated in this wayii 
necessarily very feeble, 

lo uncomplicated cases sufficient evidence is usually furnished by sim- 
ple inspection of the venous pulse to enable us to tell whether it is cauwd 
by incompetency of the tricuspid valve, or, the latter being normal, by in- 
sufficiency of the valves of the jugular vein from prolonged distension ot 
the right auricle: in the former case the throb is distinct, forcible, and 
systolic, in the latter case it is always presystolic; auscultation of ilia 
heart also shows that tricuspid insufficiency is marked by a loud systolic 
murmur, audible even in the jugular vein, while if the valvular apparslu) 
in question be intact only a pure systolic heart-aouud is heard. Whether, 
on the other hand, the pulsation arises from a real or only a relative in- 
competency of the tricuspid valve, cannot be made out with confidence in 
every case, as in both conditions, in addition to the similarity of the ajp- 
pearances so far as the pulse itself is concerned, there is the same syatofic 
murmur over the right heart, though in absolute insufficiency it is much 
louder than when the defect is merely relative. If in the later stages *f 
tricuspid insufficiency the contractile power ot the right ventricle is di- 
minished tbe venous pulsation becomes feebler, and may even disappear 
entirely if the backward impulse do not travel so far peripherally as tlie 
jugular veins. 

* This may oocasionallr arise even thongh the mitral valve be etnictnrallr niuf- 
tectcd. a« in a cans which 1 recentl; bad an opportunity of observing, ia which a oon- 
uderable dilatation of the right ventricle appeared tm one ot the tesiilta of pulmtmsir 
phthisis ; on ]iott-marteiii esaminatiou the tricuspid valve waa found to Iw nonna]. Ilie 
orifice, however, being a-ida enough to admit three fingers, while the roilral valve and 
OTi£c« showed no trace of morbid nlteratiion. During life a Hjxtolic inurmar was aud- 
ible at the lower purl of tbe atr^mum, and the extremely dilated jugular veins pulMt«I 
ayncbronoiuly with the syitole ot the heart. 
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n every case whether the pulBation is limited to the sinus of tlie 
r extends also to a further point iti the course of the vessel, 
of undulation being generally added to the puls&tory 
movement, as the vein when agitated does not at once return to a state 
of rest. In such circumstances palpation offers more reliable informa- 
tion: thus, if the finger be placed on the pulsating jugular vein at the 
parts at which it is provided with valves there is felt a systolic thrill, 
which owes its existence to the regurgitation of blood through the incom- 

Ctent valves, when the heart's action is sufficiently strong, and particu- 
'ly during an attack of coughing. This phenomenon is naturally also 
appreciable to the ear as a more or less loud murmur. If, on the contrary, 
the jugidar valves be competent this fremitus is wanting, and is often re- 
placed by a clearer sound, the sound of the jugular valves (Bamberger). 
produced by the sudden tension of these parts from the impact of the re- 
gurgitant wave, 

In general the retrograde impulse does not go beyond the internal 
jugular vein; in other cases, however, smaller vessels which join it also 
puWte, relatively most frequently the external jugular and thyroid veins, 
more seldom the veins of the face. Should a portion of the wave pass from 
the innominate into the subclavian veins, the larger veins of the regions 
drained by these venous trunks, the axillary, brachial, and the superficial 
reins of the arms, exhibit similar pulsatory movements. 

Occasionally the pulsation is propagated not only through the vena 
cava superior but also into the inferior cava ; but it appears in the latter 
vessel and in those discharging into it, only when the force of the impulse 
is sufficiently great, and that occurs only in cases of absolute insufficiency 
of the tricuspid valve. If the wave be feeble it is lost before it penetrates 
any distance into the vena cava inferior. That a venous pulse should be 
so rare in the domain of the inferior cava is explained partly by the fact 
that the situation of the orifice by which that vessel opens into the right 
fturicle is very unfavorable to the admission of a backward current of 
blood, and partly by the great length of the course of the vein before it 
becomes accessible to palpation in the abdominal cavity. 

Not unfrequently the impulse traverses the vena cava inferior, reach- 
ing as far as the hepatic veins, when it gives rise to a rhythmical pulsation 
of the liver, following closely after the stroke of the heart. If the liver 
in such cases it generally is, f ram the congested 
to form a more or less prominent tumor below 
perceptible to the finger applied over any part 
isily distinguished from the circumscribed ele- 
iften caused by the systolio 
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Hepatio pulsation in cases of insufficiency of the tricuspid valve is 
partly, though not exclusively, due to the rhythmical dilatation of the 
vena cava inferior, which lies behind the liver: apart from the fact that 
the pulae of this vessel is too feeble to raise such a heavy orgati to any 
marked extent, the feeling commnnicated to the hand is not merely that 
of uplifting of the liver as a whole, but at all pohits it is of the nature of 
a pulsation, — In certain cases the pulse of the hepatic veins is an earlier 
phenomenon than that of the jugular, the inferior cava not being provided 
with any valvular apparatus which might for a time stem the backward 
current of blood through it to the veins of the Hver (Friedreich). 

Pulsation of the femoral veina is sometimes (though very rarely) ob- 
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served as a result of insufficiency of the tricuspid valve, as the greater 
part of the blood regurgitating into the vena cava inferior enters the he- 
patic veins^ only a very small portion of it going past the orifices of these 
vessels. 

It may be here remarked that feeble pulsation sometimes also occurs 
as a physiological sign in the superficial veins on the back of the hand 
and the dorsum of the foot, when the impulse generated by the contrac- 
tion of the left heart is not abolished in the capillaries, but passes through 
the latter (giving rise to a capillary pulse, visible in the finder nails) into 
the veins. Quincke has directed special attention to this symptonii 
which, however, had been noticed by several earlier authors. It may ap> 
pear in those who are in perfect health, but is most common in cases in 
which the pressure within the arteries is pathologically increased and 
suddenly diminished, — particularly, therefore, in aortic insufficiency, but 
also, as Quincke, and more recently Peter and Broadbent have shown, in 
various other conditions characterized by a certain degree of rel&zatioa 
of the arteries. 



LPATION OF THE PRECORDIAL REGION. 



^E investigation (by means of palpation) of the phenomena which de- 
pend for their existence on the action of the heart, and which manifest 
themselves in the prieconiial region and the parts in its vicinity, is in 
many respects supplementary to inapection, the results already acquired 
br the latter method being completed and rendered more intelligible by 
tnose obtained by the former, though palpation alone is also capable of 
ftfifording' very important information. Very frequently palpation and in- 
spection are employed simultaneously, a fact the practical bearing of 
whioh has been repeatedly pointed out while discussing the signs observed 
in inspection. 

The phenomena to which examination by palpation is usually directed 
ure: the cardiac impulse, its force and extent; pulsations appearing at 
various points on the surface of the thorax, and connected directly or in- 
directly with the impulse of the heart; ntTirmiira which communicate a 
certain feeling of vibration to the hand in the precordial region; the ar- 
terial pulse. 

Palpation of the impulse of the heart yields substantially the same in- 
dication as inspection, but with more rigorous exactness, particularly aa 
r^ards its situation, extent, and force. Slight increase of the energy 
with which the heart contracts, an impulse of a heaving character, exten- 
»on of the area of impulse towards the right, &c., are conditions the 
presence of which can often be determined with certainty only by the aid 
of palpation. 

Munnurs associated with tactile vibration are occasionally felt in the 
preoordial region, coincident with the heart's contraction {systolic), go- 
ing immediately ' 
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^^^^Kido cardial thrill gives to the hand the impression of light rubbing 
I or vibration, a sensation which so resembles the purring of a cat that 
Ltennec bestowed on it the TiB.mQ frimiMcment calaire. It is set upwhen 
the blood-stream during the systole or diastole or (rarely) during both 
phases of the heart's action, is thrown into vibration, acquiring a whirling 
motion, from contact with degenerated valves, or at contracted valvular 
cnfioes, or in pathological dilatation of the initial portions of the gmt 
12 
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vessels. Tbis vibration, wbich is felt as a thrill, is also audible as a mur- 
mur; but every such disturbance withiD the organs of circulation is not 
sufficiently great to make itself sensible esternally to palpation, only t 
comparatively small proportion of audible murmurs being associated widi 
tactile vibration. Endocardial thrill usually increases in intecsity as tba 
heart's action becomes more energetic, or may even in that vay be ft 
called into existence. ~ 

1. Systolic Thetis. 

This may be developed at the mitral, tricuspid, aortic, or palmonuy 
orifice. It IS either rtiost marked at the point at which it originates, pro 
vided there be no obstacle to its tranamisaion to the surface at that lita- 
ation, — as when the heart la covered by lung, — or it is propagated mosi 
distinctly in the direction of the current of the blood. 

Purring tremor, systolic in rhythm, felt most intensely at the apei 
and becoming feebler the further the hand is removed from that psrt| 
either to the right or upwards, is invariably due to insufliciencv of tlw 
mitral valve. Immediately over the valve itself (at the sternal insertion 
of the third rib, in the second left intercostal space) it is not appreciable, 
the base of the heart being tbere sheltered behind a process of long 
tissue. 

Systolic vibration in insulUciency of the mitral valve is nevertbelM 
far from common, occurring, according to my observations, which iocluds 
nearly 200 instances of this valvular lesion, in little more than a fiftb of 
the eases; it may be wanting eveu though the accompanying murmtitbt 
loud and harsh. 

Systolic f r^miasement most perceptible at the lower end of the steroani 
is generally transmitted from the aortic orifice, or is caused, in very me 
oases, by incompetency of the tricuspid valve. 

Such a thrill is to be referred to incompetency of the tricuspid valre 
only when associated with pulsation of the jugular veins. In four cbm> 
of tricuspid insufficiency which came under my notice there was no tnce 
of vibration of this kind. — Most commonly it is propagated from the 
aortic orifice, in cases of stenosis or atheromatous degeneration of the 
vessel, and in these circumstances is diffused over a large part of the >t«^ 
Hum and the adjoining costal cartilages. 

A systolic thrill confined to a. spot in the second left intercostal spacOi 
near the sternum, may arise from roughness or contraction of the pul- 
monary orifice, both very rare \-aIvular affections; it may also be due to 
mitral insufficiency, when, for instance, the base of the heart lies in irnms- 
diate contact with the chest-wall, from retraction of the anterior maigio 
of the left lung. 

Systolic yremissemenf in the second right intercostal space, close to 
the sternum, radiating along the body of the bone even to the ensifona 
process and to the adjacent insertions of the ribs on the right side, pro- 
ceeds from roughness or contraction of the aortic orifice, from ather 
tous degeneratioD of the aortic walls, and from aneurisms of the a 
isg aorta. 

2. Diastolic Tdbill. 

Diastolie thrill most frequently takes its rise at the mitral orifice, 
more rarely at the aortic orifice, etiil more seldom at the pulmonary ori- 
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fice, and is scarcely ever dependent o 
ciupid orifice. 

Constriction of the mitral orifice produces a diastolic thrill, the cur- 
rent of blood being agitated or thrown into eddies in passing from the 
left auricle into the left ventricle. This tremulous sensation is felt most 
distinctly at the apex of the heart, is usually spread over a somewhat 
large area, but is not at alt points of equal intensity. It exists in every 
case of considerable stenosis of the left auriculo- ventricular orifice, or, if 
it be wanting, may usually be developed by whatever tends to i 
the heart's action, — raising the arms rapidly, or walking quickly to and 
fro, &c. It lasts either throughout the whole of the diastole, or appears 
only at the end of it, shortly before the systole, and is therefore some- 
times also ca-Ued jwesi/etolic thrill. If it be prolonged through the whole 
diastole to the next systole it is generally feebler at its commencement; 
at the end of the diastole, that is, in the presystole, it is suddenly much 
augmented in intensity by the contraction of the auricle, which presses 
the blood with greater force through the narrow mitral orilice. Such 
Cases are usually also characterized by a loud murmur, quite perceptible 
to the hand, but still more so to ihe ear, aimilarily divided into two stages 
or portions (see Mitral Murmurs). 

The diastolic thrill generated at the aortic orifice does not, like that 
originating at the mitral orifice, show the jerking quality just mentioned, 




but is continuous, of nearly equal intensity during the whole of the dias- 
tole. It occurs, though not very [requeiitly, in inaufEcieucy of the aortic 
Tftlves, and is owing to the regurgitation of blood from the aorta ii 



left ventricle. It may usually be felt over the whole of the sternum, but 
is most fully developed at that part behind which the aortic orifice really 
lies. FrimUsement of this description, radiating to some distance over 
the Btemum and further also to the left or right, appears not only in 
Kortic insufliciency but also as one of the signs of large aortic aneurisms, 

Diastolic thrill from valvular lesion at the orifices of the right heart is 
exceedingly rare. 

I>iastolic thrill over the pulmonary orifice is connected with incompe- 
tency of the pulmonary vah'es; it manifests itself in the second left inter- 
costal space at the sternal insertion of the third rib, and is limited to a 
oomparatively small area. 

On only one occasion have I felt a diastolic thrill clearly traceable to 
pulmonary insufficiency. Its situation, and the point at tvliich it is o{ 
maximum intensity, enectually guard against its being confounded with 
ft thrill from any other source. Such a mistake is possible only in those 
comparatively rare cases of mitral stenosis in which the left auricle, being 
exposed by the retraction of the anterior border of the left long, comes 
into close contact with the thoracic parietes, when a similar thrill la 
noticed also in the second left intercostal space. In these circumstances, 
however, the tremor is strongest at the apex of the heart, and is furtbi 
diffused over a much larger surface than the vibration due simply to 
monary insufficiency. 

Diastolic thrill originating at the tricuspid orifice is always the 
of stenosis. This lesion ie one of the rarest in the whole range of 
affections, and almost never occurs without complication. 
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Pericabdial Tqbill. 

Perioardial friction-souDd is frequently accompanied bv a thrill, pio* 
duced by the movements of the heart, the visceral and parietal layen of 
the pencardium, roughened hj inflammatory tibrioous deposit, being 
thereby caused to rub on each other. — As this sign is better appreciable 
by the ear than by the hand, it is reserved for discussion in the chapUi 
on Auscultation. 



Pdisations op thb Labge Vessels. 

Palpation also proves useful in the investigation of certain ciranii- 
■crihed pulsations observed at various points on the anterior surface of 
the chest, and dependent on the movements of the great vessels, thcun* 
And subclavian artery. The causes of these pulsations (undue expansioD 
of the vessels from hypertrophy of the left ventricle, or aneurlsmai dila- 
tation of the aorta) have already been under consideration od p. 167, in 
the section devoted to Inspection. 

Palpation elucidates tbeir nature more fully and exactly than Insp«fr 
tion, particularly with regard to the area they involve, their force, and 
the presence or absence of thrill. 

From the pulsations just mentioned, due to dilatation of the artenei 
and synchronous with the systole of the heart, certain others are to be 
distinguished, diastolic in rhythm, and confined to a small part of the 
ffreat vessels close to their origin. There is thus sometimes seen and l«ll 
in the second left intercostal space close to the sternum a strictly cireniB- 
■cribed pulsation, appearing an instant later than the heart's impulse, tliil 
is, in the diastole; in very marked cases this alternate elevation of lli> 
tissues over the apex and those in the second intercostal space is well 
brought out by lig;htly placing a finger on each of the spots indicatoi 
This short diastolic stroke proceeds from the pulmonary artery, an^ ii 
connected with hypertrophy of the right ventricle; it is tlie expressiocet 
the undniy forcible closure of the pulmonary valves, from the abnonnall^ 
energetic recoil of the blood within the vessel. The conveyance of ito 
impulse to the chest-wall is favored by conditions in which the rigiditjei 
the thorax is diminished (it is therefore most perfect in children), aoabf 
retraction of the anterior border of the left lung, such as resulta frm 
hypertrophy of the right ventricle, when no lung-tissue is interpomd be- 
tween the pulmonary artery and the thoracic panctes. AVhere tber* it 
no retraction of the lung the diastolic impulse of the pulmonary aneiyii 
exceedingly feeble or absolutely wanting; it disappears also at a lata 
stage when the contractile power of the right ventricle is lessened by fattj 
degeneration of the muscular substance of the heart. Inasmuch as tbft 
pulsation in question can be set up only by a very considerable decree of 
bypertropliy of the right ventricle, and as such enlargement results only 
from defects of the mitral valve, a diastolic impulse plainly emanating 
from the pulmonary valves may be looked upon as an almost certain sgn 
of mitral insufficiency or stenosis of the left auriculo- ventricular orifie&— 
This phenomenon presents itself also to the ear in the greater londneHot 
the pulmonary arterial sound. 

More rarely a diastolic impulse is felt la the aecond right intereoittl 
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sp&oe, close to the stenmm. It comes from the aorta, and is occasioned 
by the abnormally £orcilile closure o£ the aortic valve, observed in hyper- 
trophy of the lefi ventricle. Its rarity is due to the faet that the condi- 
tions which give rise most frequently to hypertrophy of the left heart are 
precisely those in which the aortic valve is more or less diseased and in- 
competent; this form of pulsation therefore is limited to those cases of 
enlargement of the left ventricle which, unattended by aorlic valvular 
lesion, depend on contraction of the kidneys or sclerosis of the arteries, 
though even in such circumstances the symptom is seldom met with, as 
the heart is not always sufiiciently hypertropliied, nor does the aorta ap- 
proach close enough to the chest-wall, to ensure the ready transmissian of 
the di&stolic valvular impulse. 



EsAsnyATioN of the Aktkrial Pulsk. 

The pulse is always taken at the radial artery, or at the carotid or 
otlier superficial arteries (the brachial or femorsl) for the sake of compar- 



1. Fbequknct of the Puisk. 

The acceleration of the pulse in all febrile conditions has already been 
referred to (p. 7). In diseases of the heart the frequency of the pulse is 
most commonly increased, seldom normal or diminished. It is invariably 
increased in the acute affections of the heart (endocarditis, myocarditis, 
pericarditis), very generally (among the chronic diseases of the heart) by 
valvular lesions, and in all those disorders grouped together under the 
term cardiac neuroses. 

The rate of the pulse in the chronic, apyrexial diseases of the heart 
(valvular lesions) varies from 80 — 120 beats per minute, the higher num- 
bers being reached only occasionally, when the heart is stimulated to 
freater activity by physical exertion. The pulse of mitral lesion often 
iffers very markedly, with respect to frequency, from that of aortic dis- 
ease: in the former it is almost always rapid, in the latter it may be 
scarcely altered, normal, or even (as in cases of constriction of the aortio 
oriiice) sub-uurmal. A slow pulse sometimes accompanies atheroma of 
the aorta, probably from mechanical irritation of the cardiac branches of 
the vagus, — Patients suffering from idiopathic fatty disease of the heart, 
also, have usually a remarkably slow pulse, (in two such cases noted by 
me it fell, in the one to 28, in the other to 22, per minute), though in 
some instances it is normal or even accelerated. The pulse may further 
be very strikingly retarded, numbering 18 or even fewer beats per min- 
ute, without any disease of the heart being objectively recognisable; 
causes located in the nervous centres may then be suspected, and now 
and then actually demonstrated. 



Rhythm of thb Pulsk. 

In health the strokes of the pulse follow each other at perfectly regu- 
lar intervals, that is to say, the heart is rhythmical in action. This 
rhythm, however, is subject to very frequent disturbance; in the minor 
degrees of irregularity the arhythmical coatraotions of the heart are few 
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And oocur at variable points in a. moderately long succession of rfajthmicii 
contractions; in the severer furniH the pulse loses all trace of legukritj, 
and its individual bents very generally become unequal in Tolume and 
force. — Absence of rhytbm may appear in the course of the most widelr 
different diseases, as the expression of a derangement of the innerralioii 
of the heart; slighter deviations in this direction are also witoused is 
physiological conditions, especially in advanced old age, and tranuenlir 
under psychical influences. The greatest amount of irregularity is foand 
in cases of cardtsc disease, particularly of valvular affections, andoftbtw 
it is most frequently attendant on mitral lesion. Irregularity of ^ 
pulse is most commonly first developed in heart diseases at a nUhec ti- 
vanced stage, when the compensatory structural changes fail to antmt 
their purpose, the only exception to ibis' rule being stenosis of the kA 
auric ulo- ventricular orifice, in which this symptom may make its sppcv- 
ance while compensation is still perfect. 

An artiiiciaf and temporary disturbance of the rhythm of the pain 
may be excited, in cardiac diseases, by the use of digitalis. 

A peculiar variety of irregularity of the pulse has been described hj 
Traube, under the designation pulaua biyeminits. This consists of a polM 
in which the beats run in pairs, a somewhat protracted pause occunii^ 
regularly between every two pulsations, that is, between every two coo- 
tractions of the heart. The cause of the bigeminate pulse has not rrt 
been satisfactorily made out. This and other modiiications of the rhylliBi 
of the pulse are sometimes discovered in animals in which the inttMa^ 
diac blood-pressure is augmented. In men it is associated almost eidn- 
sively with the existence of some obstruction to the circulation (valvnlu 
defects, &c,). Instances of pulsus trigeminug, in which every thirJ beat 
is followed by a pause, have been put on record by Riegel, Rosenttein, 
and others. A further variation of the bigeminate pulse is presented is 
the pulsus (dternajiD, which is characterized by the regular altera ataiM of 
a small feeble pulsation with one which is larger and stronger (TraolM). 
Like the pulsus bigcminus it appears, according to Schreiber, in a ^[iMt 
variety of conditions, relatively most frequently in cases of mitral lesioiL 
Occasionally the second of the two beats becomes so feeble as to be no 
longer recognizable by the linger, notwithstanding the fact that both con- 
tractions of the heart are still distinctly appreciable to palpation in the 
pnecordial region; there is but one pulsation at the wrist, therefore, to 
represent every two contractions (Frantzel), the second of which is thn* 
abortive. The irregularities of pulse just named merge readily into each 
other, each form then lasting for a variable period. Arhyihmical action 
of the heart, particularly that which depends on the ad'ministratioa of 
digitalis or on mitral stenosis, is often for a short time accompanied by i 
pulse having the characters of the pulsus bigeminus or the pulsus tlur- 
nans, but it is very seldom that these phenomena are repeated for soj 
length of time with such a degree of constancy that the irregularity bt- 
comes really rhythmical in its recurrence. Another and somewhat nra 
variety of pulse has been described, the jmlsui myiirua, in which a full 
and forcible pulse-wave is followed by a scries of several beats gradusllf 
decreasing in volume, this succession of changes being maintained with • 
certain degree of regularity. 

The rhythm of the pulse may further be disturbed in such d way thlt 
the blood waves do not arrive at the two wrists at precisely the sum 
moment. This inequality is met with when the aorta is the seat of ansn- 
rismal swelling, oirculation being delayed in the arteries of the side V> 
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mrda which the aneunsm lies; it is most evident when the tumor is situ- 
Med on the ftroh of the aorta, between the vessels which spring from it, 
— the innominate artery (or right subclavian) and left subclavian. 

In other cases of aneurism, especially of tlie ascending aorta, the pulse 
in the radial arteries is not indeed unequal, but is considerably post- 
poned; instead of occurring directly after the cardiac systole, it does not 
appear till a distinctly appreciable interval has elapsed. This is also 
sometimes caused by stenosis of the aortic oriBce, from the longer dura- 
tion of the systole in that affection. And in the severer forms of aortic 
Insufficiency the pulse, more particularly that of the carotids, b not syn- 
chronous with the heart's impulse, but is felt an instant later, a circum- 
stance which has been explained by the supposition that the blood pro- 
jected into the aorta at the beyinninjf of the systole encounters tl^ re- 
gurgitating blood-stream, and is therefore later in reaching iho ar'ries 
of the neck (Tripier), Finally, large aneurisms of the descending aorta 
t«nd to retard the pulse-wave, so that it is not perceptible in the femoral 
arteries so soon as m the radials. 



3. IfJTKEMISSIOK OP IHK PCLSS. 

In observing the pulse it is often noted that after several regular 
strokes one or sometimes two are omitted. This depends on one of two 
conditions: either the heart's action is periodically interrupted {/JuUitt 
dtfieiem), which is most commonly the case, or more rarely certain o( its 
contractions, though regular enough, are not sulSciently energetic to give 
rise to a corresponding throb of the radial arteries. Such an intermit- 
tent pulse is sometimes seen to be compatible with the enjoyment of per- 
fect health in other respects; it presents itself also in very diverse anec- 
tions, independently of any disease of the heart, though iu a large num- 
ber of cases it is associated with positive cardiac disorder. It is often 
eonneoted with a part ially-G Hod or shrunken state of the left ventricle 
(from mitral stenosis or mitral incompetency), when an abnormally small 
quantity of blood is thrown into the aortic arterial system T>n each con- 
baotion of the heart; it is most frequently due, however, to that diminu- 
tlOQ of the heart's contractile power which takes place in the later stages 
•I every cardiao disease. 

4. VotniK OF TUB PCLSB. 

The largeness or smallness of the pulse depends on that of the blood- 
wave which passes through the radial artery, and this again depends, 
CC^eri» parifma, on the capacity of the artery at the wrist. Even in health 
the circumference of these vessels is very different in different persons, 
«oma having wide arteries and a full pulse, others slender arteries and a 
small pulse ; between those eitromes numerous gradations are observed. 
The volume of tlio pulse in health and disease also varies with the energy 
of the heart's action, though even in the absence of any undue excite- 
ment of the organs of circulation many individuals present a pulse the 
strokes of which are very unequal. When the radial artery is perma- 
nently distended, as in insufficiency of the aortic valves, it becomes the 
seat of persistent pathological dilatation, and the pulse is in consequence 
inoreaaed in volume. On the other hand, diminution of the calibre of the 
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arterr and of the volunio of the pulae takes place when the quantity d 
blooa circulating in the systemic arteries is abnormally small, a coaditioa 
which is realized in the following circumstances: in stenoEis of the aoitia 
orifice ; in cases in which the descending aorta or the aortic arch is com- 
pressed by morbid growths, such as mediastinal tumors; when the art«riej 
o£ the body generalljr are unduly contracted ; in all diseases of the heitt 
in which tne systemic arteries are deprived of their proper share of ibe 
blood in circulation, from congestion of the pulmonary vessels and of the 
whole venous system — in mitral stenosis, mitral insufficiency. &c, Tlw 

Eulse always becomes smaller as the heart's action begins to fail: if iht 
eart be very aeriously enfeebled, as it is in the last stages of those aSeO- 
tions which terminate fatally, and temporarily in ordinary cases of faint- 
ing,^u)sation is so slight as to cause scarcely any appreciable elevation 
of tile artery (thready pulae) or merely a slight quivering movement il 
communicated to the arterial wall {tremvlout pulse). In the asphyiitJ 
stage of cholera the radial pulae disappears altogether. 

Jlhythmical variations are somctiiues observed in the volume of the 
pulse, dependent on the influeucc of the respiratory movements ; the cba^ 
acteriatic features of this sign are that simultaneously with each inspira- 
tion the pulse-wave in all the arteries is reduced in magnitude, or is ■)>■ 
solutely suppressed on making a full and deep inspiration, but returns to 
its normal volume during expiration. This form of pulse, first noticed 
by Griesinger, and named pitlvus paradoxic by Kussmaul, occurs in n- 
nous diseases, and is an index of the presence of one of two conditioiu: 
the existence during inspiration of a direct mechanical obstacle to tha 
emptying of the left ventricle into the aorta, or increase of the negative 
inspiratory pressure from changes which prevent the free entrance of air 
into the lungs. The most striking examples of the first couditioa are 
found mjibroite mediastiiiitis AnA jibroiia pericarditis ; the firm cords of 
connective tissue developed in these affections, passing from the sternum 
and pericardium upwards and backwards towards the great vessels, en- 
closing the tatter and to some extent dragging them from their nonnal 
position and attaching them more or less intimately to the ~ - - — 

put on the stretch when the thorax is dilated in inspiratio 
and constrict the aorta, innominate artery, &o. Onl^ a ponio 
contents of the left ventricle, therefore, fiuds its way into the aorta dur- 
ing inspiration, the arterial pulse is rendered feebler, or even disappears 
if the chest be expanded to its utmost ; in expiration, on the contrair, 
the aorta regains its natural calibre and the pulse its normal volume. Jt 
is plain also that the pulse will be full enough which responds to tho» 
contractions of the heart which do not happen to coincide with an inspir- 
ation, — But the pulsus paradoxus is also observed in certain cases <if 
fericarditia in which the aorta is free from the embrace of such adhesioD& 
ts occurrence in these circumstances is ascribed to various causes: to 
occasional embarrassment of the left ventricle during inspiration, from 
thickening of the pericardium associated with atrophy of the muscular 
structure of the heart (Traube, Strieker); or to the pressure of pericar- 
dial effusion, which retards the flow of blood from the Venn? cavee into the 
heart, particularly during expiration (when the intrathoracia tension is 
augmented), so that the heart contains less blood at the be^nuing of 
inspiration than at the commencement of expiration (Btknmler).— -The 
second condition described as favorable to the production of the priltus 
paradoxus is found in stenosis of the air-passages. Even in health the 
pulse may be slightly of this character, as each inspiration 1 
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pressure within the thorax and within the aortic system oE vessels gen- 
erally, while expiration, on the contrary, adds to this pressure ; the arte- 
rial pulsations, therefore, which correspond to such contractions of the 
heart as are coincident with inspiration are smaller than those felt dui' 
expiration. These differences, though usually ao trifling as to be inap- 
preciable by the finger, are readily demonstrable on a sphygmographio 
tracing, the primary wave of the inspiratory pulsations being considerably 
lower than that of the expiratory pulse (Kiegel). If, however, the in- 
■piratory negative pressure within the thorax be abnormally low, as in 
cases of stenosis of the larger sir-passages, and if to this be added as a 
second factor diminution of the contractile power of the heart, the in- 
equalities just racntioned are much exaggerated, and are easily detected 
by the unaided sense of touch, pulsation being sometimes completely 
abolished during inspiration. 

Inequality of the pulse in one radial artery as compared with that in 
the other (puUua differens) may be of physiological or pathological origin. 
Of the former nature are those instances in which the vessel divides into 
its two branches at a faigher point in its course on one side of the body 
than on the other, and so comes to be of comparatively small calibre at 
the part at which the pulse is usually taken; and as this anomaly is not 
on the whole very rare, it should always be looked for when marked 
difference in the radial pulses presents itself. Pathological inequalities 
of this kind are most commonly due to pressure on the arteries of one 
side, as by intrathoracic, tumors implicating the aorta between the left 
common carotid and the loft subclavian, occasionally also by tumors (car- 
cinomatous Ivinphatic glands) which press upon the axillary artery; par* 
tial obliteration of one of the brachial arteries, and other local and gener- 
ftUj easily recognized causes, often give rise to tbe same phenomena, 

5, Tension of tdb AHTHHif. 

By this term is meant the pressure exercised by the blood on the 
inner surface of the vessels. It reaches its maximum when the expansion 
of tbe artery is at its height, and sinks to its minimum at the end of the 
contraction of the arterial wall. The greater the distension of the vessel 
by the blood-wave the greater is its tension. An artery in a state of ex- 
treme tension is less compressible than one whose walls are more relaxed; 
the former is hard to the touch, the latter soft, a tense artery thus mak- 
ing what is technicallv known as a hard pulse, a relaxed artery a soft 
pulse. Other things being alike the intra- arte rial pressure is increased 
bv hypertrophy of the left ventricle, and diminished when the action of 
the heart is weakened, or when its cavities contain loss than the normal 
amount of blood. — The degree of tension nf the arterial wall during ex- 
pansion determines also the extent to which the artery springs into prom- 
inence with each stroke of the heart; the harder and stronger tbe pulse 
tbe greater will be the elevation of the artery, provided that the capacity 
of the vessel is not in any way lessened, (as, for instance, in cases of 
■tenosia of the aortic orifice). 

Constrictions of tbe left venous and arterial orifices offer good exam- 
ples of affections in which the differences in tension shown by the pulse 
are welt-marked. In the former the left ventricle receives less than the 
normal volume of blood on which to expend its energy and consequently 
begins to atrophy at a comparatively early stage of the disease^ when tbe 
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pulse becomes smaller and of low tension ; In stenosis of the aortic ori&x^ 
on the other band, though the blood-wave is indeed small, as in th« pre- 
ceding case, and the radial arteries also contracted, the blood is foretd 
onvsards by all the power of a hypertrophied left ventricle and the ' " ' " 
of the pulse is accordingly considerably raised. 

6. Celkeity (activity) of tub Puijsk. 

This term is used to express the relation which exists between d 
duration of the expansion and that of the contraction of the artery. 

In the normal condition the expansion of the vessel by the wave pro- 
pagated from the heart lasts almost exactly as long as its contraetiou; 
this, at least, is the impression given to the finger, but the sphygn^ 
graphic tracing shows that the lines formed by the dilatation of tls 
artery are really shorter than those corresponding to its elastic reoefl. 
The relation of these different parts of the tracing to each other, how- 
over, is subject to great variation. If from pathological causes the arteiT 
attain at once its maximum of expansion, and return equally rapidly to s 
state of quiescence, a pulse is produced which is desig'nated the p^iUttt 
ceier, — a brisk, active pulse. The slighter manifestations of this peculiar- 
ity are scarcely appreciable by the finger, but in well-marked cases such 
a pulse is exceedingly characteristic, and is usually spoken of aa a bound- 
ing pulse. This nimbleneas in movement displayed by the arterial vkll 
is the more readily recognized the larger the vessel in which it is ob- 
served; it is therefore more distinct in the brachial and femoral aneries 
than in the radiala. The most exquisite examples of this symptom ire 
found in aortic insufficiency: the arteries are quickly and forcibly dilaUd 
by the pressure of the blood driven into them by the enlarged and 
powerful left ventricle, but their recoil follows as speedily, the systolic 
wave being exhausted in two direotions, — centrifugally (into the capilla- 
ries) and centripetaily (by regurgitation into the ventricle), ,\ sharplv- 
defined pulse, therefore, is regarded as pathognomonic of insufficiency of 
the aortic valves. 

A pulse distinguished by the opposite qualities is termed a sluggish 
pulse {pulsus tartliii). It is noticed particularly when the arteries loBe 
their elasticity, as from sclerosis. Vessels so affected present unusual re- 
sistance to expansion by the pulse-wave and subside equally slowly in the 
intervals; they feel firmer to the touch than in health, and in exaggeratj^^ 
cases may become so hard as to he absolutely incompressible. ^^^| 



7, DiCHOTIBM OF THB PtTlfiE, ^^ 

Though the finger applied to the radial artery in the healthy subject 
is Bcnsiblc of but one impulse, occurring during the period of expansion 
of the vessel, it may be demonstrated by means of the sphygmograph (see 
p. 187) that in the period of contraction also a slight elevation of the ar- 
tery takes place, — usually indeed two such elevations are observable in 
the tracing. These are caused by recoii-waves, that is, by blood-waves 
which, during the contraction of the arteries, flow backwards towards tbe 
heart, where they encounter the closed aortic valves, rebound from thew 
and again travel outwards towards the periphery. But if the tenMOD_of 
tha arteries is lessened, aa in high fever, and if, further, the primu~ '" 
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pulse produced by tbe systole of the heart be short and vigorous, the re- 
flected wave may effect such a considerable degree of diastolic elevation 
of the artery as will render the use of the sphygmograph superfluous, the 
unaided finger being sufficient for the detection of the feebler after-stroke. 
This is designated tbe double, or dicrotic pulse. It is fully developed 
only when the temperature becomes decidedly febrile, 39° — iO°C. (lOS'S" 
— 104° F.), particularly when it remains for some time at this point, as in 
typhus and other affections characterized by continued fever. In individ. 
iials already exhausted and emaciated by chronic disease very slight fever 
and a comparatively low temperature suffice to give rise to distinct dicro- 
tism of the pulse, as the arterial tension in such patients gives way more 
rapidly than in castas of acute disease in previously healthy persons. In 
febrile attacks of short duration, also, aa in intermittent fever, dicrotism 
is observed, occasionally even when the pulse is not at all increased in 
frequency; this fact is direct proof that the high temperature, apart from 
the other plienomena of fever, is of itself to be regarded as the cause of 
ilicrotisni (Uiegel). 

In those who are much emaciated, in whom the radials pulsate prom- 
inently, a double pulse may be recognized, without applying the finger to 
the wrist or having recourse to the sphygmograph, by examining the ar- 
tery in powerful sunlight, when it will be seen that each primary pulsa- 
tion easts a shadow, which is followed by a second shorter shadow, on the 
Adjacent part of the surface. Dicrotism sometimes also manifests itself 
in the double jerking movement occasioned by the pulsation of the popli- 
teal artery and communicated to the dependent leg and foot when tbe 
patient sits with one knee crossed over the other. In large animals this 
reduphcation of tbe pulse may be demonstrated by puncturing tbe femo- 
ral artery and causing the stream of blood issuing from it to impinge on 
a strip of paper movius slowly past it, on which it forms a tracing; this 
process, described by Laudoia, is termed Haimautography. 

The hyper-iUcrotoua pulae is observed in very high fever, in which the 
temperature ranges from iO" — il" C. (10-4° — lOoS" F.); in it the second 
beat is somewhat later than in the ordinary dicrotous pulse, appearing 
immediately before the renewed expansion of the artery, so that it closely 
resembles a preliminary systolic stroke. It is, however, really a dicrotic 
pulse, the peculiar charaoter of which ia due solely to its rapidity, each 
primary pulsation following so hard upon tbe preceding secondary stroke 
that the latter ia shortened and to a certain extent rendered abortive. If 
the pulse become Still more rapid even this shortened after-beat (or pre- 
liminary pulsation) disappears, and the dicrotic pulse merges into one 
which is strictly monocrotic. — A pulse which is obscurely dicrotic ia 
named tuh-dicrotic ; it is noticed in moderate fever, when the temperature 
^^^oaljr slightly elevated. 

^^measure 



Spbtomogeaphy. 
(The graphic representation of the arterial pulse.) 



; undulations of the pulse in all tbe superficial arteries may be 

lUred instrumentally and represented graphically in tracings. The 

apparatus which is almost universally employed for this purpose Is that 

invented by Marey, subsequently modified and improved by other inves- 

^^^^^ors, It consists essentially of a delicate lever, firmly attached to 
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r cushion; the latter, being placed so as to rest 
es and falls with the expansion and cantraotton 
J movements to the lever, which in- 
loked paper fixed on a plate and carried for- 
B recently constructed instruments of Lan- 
s advantage over Miircy's, that they indi- 
cate the precise amount of pressure eierted on the artery. — Only the most 
important of the vast array of facts brought to light by the use of the 
spnyginograph, can be mentioned here. It has been ascertained that the 
normal pulse is not monocrotic, but always dicrotic (Marey), usuaily even 
trierotic (O. Wolff). Thus, whilst the line of ascent of all arteries, that 
which corresponds to the expansion or diastoles of the arteries, is nearly 
Tertical (varying in height according to the size of the vessel under ex- 
amination) and perfectly unbroken, that which answers to the contraction 
or systole of the arteries is interrupted by slight secondary elevations, of 
which two are more distinctly marked than the others. The first of these 
owes its existence to the circumstance that the blood-wave, when com- 
pressed by the elastic contraction of the artery, is not wholly propagated 
towards the periphery, a portion of it being sent backwards towards the 
heart, where it strikes against the already closed aortic valves; the second 
is produced by the new wave which, generated by this shock, sweeps out- 
wards again in the direction of the peripheral arteries (Buisson, Marey, 
&o.). These elevations, known as the recoil-waves, are the more clearly 
defined and appear the earlier (that is, the nearer the upper end of the 
down-stroke of the tracing) the closer to the heart the artery under ex- 
amination, the less its tension, and the shorter the primary wave (that 
due to the primary expansion of the artery); the converse of these pro- 
positions also holds good (I^ndois), If both secondary waves occur in 
the period of contraction of the artery, which is usually the case, the 
pulse is trierotic, if one be wanting the pulso is dicrotic. — Besides these 
recoil-waves several other less marked undulations present themselves in 
the descending line of the tracing, caused by the oscillations of the arte- 
rial wall as it returns to a state of rest after having been expanded by the 
primary (cardiac systolic) wave, and designated by Landois elasticity- 
waves. They vary in number in different arteries, and are the higher the 
further removed the vessel in question is from the heart and the greater 
its tension. 

Pathological deviations from the normal form of the pulse tracing are 
seen sometimes in the ascending, sometimes in the descending line. The 
np-stroke, which in the healthy pulse is perfectly unbroken and nearly 
vertical, is occasionally interrupted by a number of small pointed eleva- 
tions. These are observed when a large volume of blood is projected 
into the arteries by each systole of the heart, and when the expansion of 
the vessels ia not effected in one movement but in several successive os- 
cillations. Such interruptions of the line of ascent are noticed in the fol- 
lowing conditions: in hypertrophy and dilatation of the left ventricle, 
especially when consequent on nephritis; in those in whom the elasticity 
of the arteries is diminished, — in old pers 
atheromatous degeneration; in a 
insufficiency (Landois). The tracing give 
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normally present. Should these elevations, particularly the second ol 
those described as recoil-waves, be considerably increased in height, this 
change becomes appreciable to the finger as dicrotism, a sign the speciil 
causes of which have already been stated (p. 18S). The reooil-warea, on 
the other hand, are enfeebled when the aortic valves become incompetent, 
as the regurgitation of blood which takes place into the left ventricle 
during the cardiac diastole almost always effectually counteracts any 
tendency to the propagation of such a secondary impulse towards tbe 
periphery. In stenosis of the aortic orifice also they are faint and imper- 
fectly developed, on account of the partially filled condition of the arte- 
ries; here, however, the alow expansion of the vessels (that is, the tioir 
passage of the current of blood through the contracted orifice) is evi- 
denced by the less upright sloping up-stroke and by the rounding of ths 
apex of the tracing-, which normally is distinctly pointed. — The tracingi 
of mitral and other lesions of the heart show little that is character- 
istic; that given by the small pulse associated with stenosis of the left 
auriculo-veniricular orifice is certainly throughout less elevated than 
usual, nevertheless it may be affirmed that on the whole only an «p- 
proximative diagnosis as to the nature of the heart affection is possible 
if it be founded solely on the data furnished by sphygmograjthic ex- 
amination. 

Another instrument, named the " Pulsuhr," which promises to be of 
great service in the investigation of the properties of the pulse, has re- 
cently been introduced by Waldenburg. This is an ingeniously con- 
structed apparatus which enables us to measure with precision, and state 
definitely in figures, not simply to estimate, as heretofore, tbc tension, 
fulness, and volume of the pulse. It is fitted with a mechanism by meant 
of which the position of the plate which rests on the artery and follow! 
its pulsations, may be exactly regulated. The movements of the plate 
are communicated to a two-armed lever, from the extremity of the longer 
limb of which passes a thread; the latter winds round an axle and so 
turns an index, which shows on a dial the distance, magnified aboot a 
hundred times, through which the plate is carried; the diameter of the 
artery, that is, its fulness, is in that way obtained. The same indicator 
rises and falls with all the movements of the artery; this gives the height 
of the pulsation, that is, the volume of the pulse, amplified to a similar 
degree. — To the end of the shorter arm of the lever is attached a spring, 
the case enclosing which is connected by wheel-work with another index, 
smaller than that just mentioned, showing on the dial the weight which 
at any given time presses on the spring. (The construction of the instru- 
ment is such that to ascertain this weight the distance travelled by tho 
larger indicator has first to be deducted from that through which the 
smaller one moves.) On turning the screw, the plate having been accu- 
rately adjusted on the artery, the spring-case, and with it the lever and 
the arterial plate, are pushed downwards and both indicators caused to 
move, the oscillations of the larger of the two corresponding with tho 
height of the pulse-wave. The length of the greatest of these oscillationi 
expresses the volume of the pulse. On screwing down the Bpring-ca« 
still further the movements of the indicators become gradually smaller 
and are finally abolished when the artery is completely flattened and its 
calibre obliterated: the extent to which the position of the larger indei 
has been altered may now be read on the dial; this gives the diameter of 
the vessel, that is, its fulness at the time of examination; the distance 
travelled by the snwUer index, after subtracting from it the excursion of 
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the larger one, shows the weight which was required to compress the 
artery, that is, the tension of the pulse. 



Palpation op the Veins. 

Almost the only veins ever examined by the hand are the jugulars, 
very rarely the superficial brachial veins; the others yield no diagnostic 
signs to palpation. The pulsation perceptible in the jugular veins in 
oases of insufficiency of the tricuspid valves and other affections giving 
rise to overloading of the ri^ht auricle and incompetency of the jugular 
calves, and the more exceptional forms of pulsation observed in other 
superficial veins belonging to the domain of the vena cava superior, 
have already been under discussion; the vibration of the walls of the 
jugular veins (fr6missement or thrill), associated with chlorosis, is re- 
served for consideration in the section on Auscultation (see '' Venous 
Murmurs ")• 



PERCUSSION OF THE HEART. 



PsBCUSSiON of the heart is practised with one or two objects in Tiew, 
—either the delimitation of those parts of the anterior surface of the 
heart which, not being covered by lung, are in immediate contact with 
the chest-wall, or the definition also of those which are situated more 
deeply, behind portions of the pulmonary tissue. The superficial cardiae 
dulness may usually be mapped out with a considerable degree of preci- 
sion; the percussion of the deeper parts, on the other hand, is attended 
by more difficulty and uncertainty. — It will contribute materially to i 
clear understanding of the subject if the discussion of details be prefaced 
by a short description of the position of the heart in relation to the tho- 
racic parietes and the anterior margins of the lungs. The axis of the 
heart is directed from above downwards, forwards, and to the left, the o^ 
gan being so placed behind the anterior wall of the chest that two-thirds 
of its bulk fall to the left of the median line of the sternum and one-third 
to the right. The highest point of the heart, the uppermost part of the 
left auricle, is found at the level of a line joining the lower edges of the 
sternal insertions of the second ribs (right and left^ ; the lowest point of 
the heart, the apex, lies immediately behind the sixtn left costal cartilage^ 
to the inside of the mammillary line. The left boundary of the heart, 
formed by the left border of the organ, corresponds with a line passing 
from the second left intercostal space downwards to the apex of the heart, 
describing a curve the convexity of which is turned outwards, and whose 
greatest distance from the middle line of the sternum amounts to 8 — 9 
ctm. The right boundary, which coincides with the right border of the 
heart, is represented by a line starting from a point in the second right 
intercostal space close to the sternum, terminating opposite the sternal 
insertion of the fifth right rib, slightly convex outwardly, and distant 2 — 3 
ctm. from the right edge of the breast-bone. If from the lower end of 
the last-mentioned line to the apex of the heart another line be drawn, 
the latter will mark the lower boundary of the heart, formed by the wall 
of the right ventricle. 

In the space enclosed within these limits lies the heart, for the most 
part covered by lung. A certain portion of its surface, however, defined 
by the anterior margins of the lungs, is not so covered in. As already 
stated (see p. 82) the lungs are in close apposition anteriorly from the 
second to the level of the fourth rib, being separated only by the anterior 
mediastinal fold of the pleurae. From this point upwards, therefore, the 
superior segment of the heart, — both auricles and a part of the ventricles, 
— is completely hidden by pulmonary tissue. 

At the level of the fourth rib the lungs diverge, the anterior margin 
of the left passing outwards through the fourth left intercostal space, 
turning downwards and a little inwards opposite the fifth costal carti- 
lage, and ending in the lower border behind the cartilage of the sixth 
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rib. The greater part of the ripht ventricle, and the apex of the left, are 
thus exposed ; the rest of the left veiitriole, very little of whioli indeed 
appears on the front of the heart, remains concealed. — The anterior bor- 
der of the right lung turns outwards at a lower point than the left, oppo- 
site the sternal insertion of the fifth right costal cartilage; it merges 
im mediately, at the level of the sternal end of the sixth rib, in the lower 
border of the lung. In following this course it overlaps to a slight ex- 
tent that part of the right ventricle which lies farthest to the rip;ht. 

It is thus seen that the segment of the heart between which and the 
chest-wall no lung-tissue is interposed belongs, with the exception of the 
apex, exclusively to the right ventricle, and includes little more than the 
hall of that part of the organ. Its extent, also, is not constant; it varies 
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somewhat with the differences frequently observed in the configuration 
of the lungs. Even in the same individual the movements of respiration 
are found to affect very considerably the anatomical relations of the 
heart: during inspiration the edges of the lungs converge and encroach 
Btili further on the anterior surface of the right ventricle, and if the in- 
epiralion be deep and energetic the entire heart maybe so closed in; 
forcible expiration, on the other hand, causes the margins of the lungs 
to retire, and a larger part of the heart's surface then comes to the front. 
Over the whole of the space described as not occupied by lung, ex- 
cept a narrow portion behind and to the right of the sternum, the poi^ 
cussion -sound is dull ; this is termed the absolute cardiac dulness, or, as 
13 
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it coincides with the more superficial part of the surface of the heart, the 
superficial dulness. It is to be distinguished from the less markedly dull 
sound given by the rest of the prtecordial region, whioh is designated 
the relative cardiac dulness. 

Before proceeding to the percussion of the heart the situation of the 
apex-beat should first be ascertained, as this indicates at once the inferior 
limit of the cardiac dulness and thus facilitates its delimitation ; the 
points are then to be determined at which the clear pulmonary f>ercussioD- 
note passes into the dull sound yielded by the heart. The upper limit of 
the absolute cardiac dulness begins usually at the upper border of the 
fourth left rib ; the left coincides with a slightly curved line passing 
from the superior border of the fourth rib to the apex of the heart, inside 
the mammillary line ; the right is marked by the left edge of the stemam 
from the fourth to the sixth rib. Tlie lower boundary, which corresponds 
with the lower border of the right ventricle, is not definable, as the car- 
diac sound is here continuous with that of the adjacent left lobe of the 
liver ; it may be represented, however, by a line drawn from the sixth 
chondro-sternal articulation to the spot at which the apex- beat is felt 
This space, the shape of which, when traced with black dcrmographio 
crayon, is seen to be that of an irregular four-sided figure, is not accur- 
ately commensurate with the superficial portion of the heart, as will be 
obvious on referring to the description already given of the anatomical 
relations usually subsisting between the heart and the margins of the 
lungs ; to the right of the left border of the sternum lies a part of the 
right ventricle not overlapped by pulmonary tissue, yet the percussion- 
note over it (at the middle of the breast-bone, towards its lower end) is 
not dull, but of the normal pulmonary quality, dear and of low pit^rh. 
The cause of this can only be that the sternum, from the readiness with 
which it enters into vibration, transmits the force of the percusssion- 
stroke to the adjoining lung, so that the slight dulness which the right 
ventricle really gives is overborne by the clearness of the pulmonary note. 
This explanation is supported by the observation that on placing the 
hand on the sternum, and in that way diminishing its power to vibrate, 
the previously clear sound becomes somewhat muffled. 

The extent of the heart's surface not covered in by lung being, as 
already noticed, subject to constant variation during the movements of 
inspiration and expiration, the dimensions of the region of absolute car- 
diac dulness show similar changes ; the limits above set down, therefore, 
are applicable only to conditions in which the respiration is perfectly 
superticial, when the differences referred to are so trifling as scarcely to 
vitiate the results obtained by percussion. It is always necessary, how- 
ever, to direct the patient to cease breathing when absolute precision in 
the delimitation of the heart is required, particularly in determining its 
boundaries superiorly and to the left. Deep inspiration reduces the area 
of cardiac dulness both in height, as the upper limit sinks downwards, 
and in breadth, as the left boundary-line moves inwards; only the right 
border of the region in question remains unchanged. — Whether the pa- 
tient lies on his back, sits, or stands, is immaterial so far as the acourac? 
of the results is concerned; but on turning to one or other side the po- 
sition of the apex-beat is altered and that of the cardiac dulness with it, 
the latter being diminished to the left and superiorly if the patient be on 
his right side and enlarged in the same directions if he be on his left 
The boundaries of the heart to the right are as little influenced by atti- 
tude as by the movements of respiration. 
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The intenaity of the absolute cvdiao dulness is very inconsiderable, 
the organ percussed being but small; the stroke must therefore be light, 
in order to avoid awakening siniultaneous vibration in the contiguous 
portions of the lungs, otherwise the true heart-sound will be lost in the 
clear pulmonary note. It ia necessary to proceed with similar caution ia 
examining the lower part of the pre^cordlul region, particularly in chil- 
dren, as the tympanitic tone derived from the stomach may mask the dull 
sound belonging to the heart. Simple finger-percussion will be found 
the method best adapted to the determination of the absolute oardiao dul- 
ness. 

Those portions of the heart which are overlapped by luug are inacces- 
sible to percussion by the ordinary gentle stroke employed in the manner 
just described, the sound so elicited being loud and clear; a firm stroke, 
on the other band, often demonstrates a decided decrease in the loudness 
of the note as high as the third rib, indicating that here a thinner layer 
of lung has been caused to vibrate. Such a sound, therefore, though in- 
trinsically clear in quality, is somewhat muffled, that is, relatively dull, as 
compared with that obtained at other points, behind which only lung is 
situated. It is chiefly superiorly, towards the upper limit of the pnecor- 
dial region, that relative dulness ia observed on forcible percussion; those 
other parts of the heart lying behind and to the right of the sternum give 
no mufHing of the sound even in answer to a heavy stroke, and it is only 
by availing oneself of the sense of resistance communicated to the fin- 
ger, and at the same time as far as possible eliminating the vibrations of 
the sternum by pressing on it and in its immediate neighborhood, that 
they can be recognized by means of percussion. But even this method 
faUa to demonstrate clearly that portion of the right ventricle which is be- 
yond the right edge of the sternum. To define precisely the whole of the 
anterior surface of the heart is thus impossible; most commonly, there- 
fore, nothing more is attempted than the delimitation of the area which 
is not sheltered behind pulmonary tissue. — It is obvious that the extent 
of this superficial cardiac dulness is no absolute guide to the real size of 
the organ within, as there is no constant relation between the covered 
and the non-covered parts of the heart, on account of the irregularities 
so often displayed in the contour of the lungs anteriorly. Nevertheless 
the dimensions of the region in question usually warrant a general infer- 
ence as to the presence or absence of enlargement of the heart, as such 
enlargement is always associated with increase of the area absolutely dull. 

In certain circumstances the absolute cardiac dulness may extend be- 
yond the limits above stated, even while the heart remains normal in 
point of size, as, for example, when the processes of lung which, as a rule, 
are found in front of the base of the heart, are atrophied and retracted, 
permitting the whole of the anterior surface of the heart to come Into 
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diao dulness is indistinguishable from that of the left side generaUjy— pro- 
vided the heart be not displaced. 

The cardiac dulness is increased in extent and intensitj in hypertio- 
phy and dilatation of the heart, this augmentation bein^ most manifest 
in its length in enlargement of the left ventricle, and in its breadth in ^- 
largement of the right ventricle ; the dull area further takes a somewhat 
conical form when the pericardium is filled with fluid. 

In hypertrophy and dilatation of the left ventricle the point at whieh 
the cardiac impulse is felt, below and to the outside of its normal ntoa- 
tion, offers a ready means of determining approximately the extension of 
the area of dulness in an outward direction. In such cases also the fixing 
of the upper limit of the cardiac dulness is exceedingly easy, as the long, 
provided it have not contracted adhesions, is pushed aside by the en- 
larged heart, which then comes closer to, or even touches, the thorusf 
parietes. 

Similarly, in cases of marked hypertrophy and dilatation of the rigbt 
ventricle the undue propagation of the heart's impulse towards the i^t 
at once indicates the nature, and roughly the extent, of the physicil 
change, though usually the non-resonance to percussion, even when the 
dilatation of the right heart is considerable, is not very apparent beyond 
the midsternal line. 

It often happens that those who have not had much experience in tbe 
art of percussion do not consider as dull, or as in any way connected with 
the heart, the somewhat clearer sound obtained over the sternum in ex- 
amining from left to right; but on comparing it with the normal pulmon- 
ary note, or on percussion still further towards the right till the true 
lung-sound is educed, the area of dulness associated with enlai^ged heart 
is soon seen to be larger than at first suspected. 

Slight dilatations of the right heart can be made out only by means 
of the sense of resistance experienced by the finger in percussmg. In 
cases of marked dilatation of the right ventricle not only does the cardiac 
dulness far overpass its normal boundaries to the right, but it goes also 
somewhat beyond them to the left, as is shown by the slight outward dis- 
placement of the apex-beat. This is due to the more horizontal position 
which the heart assumes in such circumstances, the necessary result of 
which is that the apex of the heart is carried further to the left. 

Hypertrophy and dilatation of the heart, however, are not in every 
instance characterized by extension of the precordial dulness; this sign 
is absolutely wanting when the overlapping processes of lung are of un- 
usual depth or cover over a larger portion of the surface of the heart 
Thus, in vesicular emphysema of the lungs the attendant enlargement of 
the right heart is frequently unrecognizable by objective examination. 

Even with a heart perfectly normal in size, an apparent increase of 
the area it renders dull to percussion is apt to be produced by various 
diseases of the adjacent pulmonary texture, such as consolidation (from 
infiltration, compression, he) 

It is sufficient merely to mention cases of this kind; to enumerate tbe 
signs by which they may be differentiated (certain alterations in the out- 
line of the region of percussion-dulness, &c.,) is perfectly unnecessary, in 
view of the impossibility of falling into error in the diagnosis. Simple 
inspection of the pnecordial region frequently suffices, as already pointed 
out, for the positive recognition of hypertrophy of the heart, and the ab- 
sence of the phenomena formerly described (p. 161 etseq.) shows unmistak- 
ably that the increase of the dull area must be due to some other cause. 
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The area of cardiac dulness is observed to take a peculiar form in 
cases of pericardial exudation and transudation. If the quantity of fluid 
be very large, the pericardial sac is fully distended; it is enlarged chiefly 
in its lower part, while superiorly it gradually diminishes in breadth. 
The space thus rendered dull is irregularly triangular in shape, the base 
of the figure being downwards, the apex pointing upwards. Its size de- 
pends on the amount of the exudation; if the effusion be very abundant 
the base of the triangle may extend from the right parasternal line almost 
to the left axillary line, while the two remaining sides may be represented 
by converging lines drawn from the two extremities of the base, meeting 
in the second intercostal space, and forming there a somewhat obtuse 
angle. A less considerable amount of exudation is characterized by a 
proportionately smaller triangle of dulness; in the earlier stages of the 
affection, also, the non-resonant region has no distinctive outline, dulness 
being detected both at the base of the heart, where the exudation usually 
first appears, and in the lower part of the pericardium. The distension 
of the lower portion of the pericardial sac is recognized by the fact that 
the dulness extends further to the left than the apex-beat of the heart, a 
sign which is always a conclusive indication of the existence of pericar- 
dial exudation. A very copious effusion completely suppresses the apex- 
beat; disappearance of the latter, therefore, and a praecordial dulness of 
the characteristic triangular form, may be accepted as positive proof of 
the presence of a large pericardial exudation. — And further, as the layer 
of fluid is so much deeper below (next the diaphragm) than above (to- 
wards the roots of the great vessels) the non-resonance is more marked at 
the lower than in the upper part of the prsecordial region; the sound in- 
deed is rendered absolutely dull inferiorly. On causing the patient to 
lie on his back the fluid at once subsides to the hinder part of the pericar- 
dium, diffusing itself equally over its posterior surface, the apex-beat 
again becomes appreciable, and the percussion-sound somewhat clearer in 
front, the edges of the lungs bein^ now allowed to expand freely and to 
fill up the space left vacant by the shifting of the effusion. A similar 
ohange in the quality of the sound is noticed on turning to the right or 
left side; in the former case the sound clears to the left, in the latter it 
clears to the right. — These statements regarding pericardial exudation 
apply with still greater force to the more mobile fluid poured out in cases 
of pericardial transudation (hydropericardium). 

This variation of the sounds on changing the position of the patient 
is wanting only when the two opposed surfaces of the pericardium are 
glued together at several points by inflammatory products, or when the 
sac is so fully distended that movement of its contents becomes impossi- 
ble. Such cases, however, — in which the pericardium is rendered so tense 
by the quantity of fluid it contains as to be incapable of further expan- 
sion,^-<io not seem ever to occur in practice; in one example of enormous 
hydropericardium which I saw (in which the dulness reached from the 
left axillary line almost to the right mammillary line, and upwards as far 
as the third rib) the percussion-sound was found to vary as usual with the 
position of the patient. 



AUSCULTATION OP THE 



The opposite qualities, normal and pathological, of the sounds developed 
by the action of the heart, are known as sounds and munnurs. 



The Sounds of the Hsast. 

In normal conditions each contraction of the heart ^ves rise to t€0 
sounds^ audible over the whole pnecordia, and separated from each other 
by a short pause. The first of these, the systolic sound, is exactly syn- 
chronous with the systole of the ventricles, while the second, the diastolic 
sound, corresponds with the beginning of the diastole of the heart; then 
follows a pause, the cardiac pause, which lasts till, with the next contrac- 
tion of the heart, the same phenomena are repeated in the same order. 

The sounds are not of equal intensity at all points in the pnecordial 
region: the first sound, that associated with the cardiac systole, is more 
clearly accentuated at the apex of the heart and over the lower portion of 
the sternum, than that occurring during the diastole, the rhythm of tlie 
sounds at these parts being trochaic; the second is, on the contrary, the 
more accentuated of the two on the second intercostal space close to the 
sternum, at both its right and left margins, and the rhythm of the sounds 
is here iambic. The systolic sounds at the four points just indicated are 
exactly coincident with each other, as are also the diastolic sounds which 
succeed them; there are four systolic sounds, therefore, and four dias- 
tolic, — eight in all. 

These four points on the surface mark, as will afterwards be shown, 
four centres in or near which the different sounds of the heart originate; 
at tJie apeXy accordingly, will be heard the sounds produced at the mitral 
valve, at the lower end of the sternum those connected with the tricuspid 
valve, in the second left intercostal space, close to the sternum, those 
proceeding from the pulmonary artery, and in the second right intercos- 
tal space, at the edge of the sternum, those generated in the aorta. 

If the heart he displaced downwards, from sinking of the diaphragm, 
to the extent of one intercostal space for instance, the parts at which its 
various sounds will be audible will naturally be found at a level correspond- 
ing to the abnormal situation of the organ,— one interspace lower; if it 
be dislocated in any other direction, to the right or left, the apex-beat 
constitutes a general guide to the points at which the sounds will be heard; 
where there is no cardiac impulse the points must be sought for at which 
the sounds are loudest. 

The regions described do not correspond absolutely to the anatomical 
position of the valves of the heart and the large vessels, but it is to them 
that, as is proved by many physiological and pathological observations, 
the acoustic phenomena are most freely conducted, and there that they 
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are loudest. This is due chiefly to the anatomical relations of the heart 
and lungs. 

1. Sounds emanating from the mitral valve are not looked for directly 
over the valve (in the second left intercostal space, close to the sternal in- 
sertion of the third left costal cartilage), as here the latter lies behind air- 
containing lung-tissue, a bad conductor of sound; they are auscultated 
rather at the apex of the heart, which is free of lung and in immediate 
contact with the chest-wall, and towards which experience shows that 
sonorous vibrations coming from the mitral valve are transmitted with 
greatest intensity. 

2. In the same way the sounds of the tricuspid valve are not to be 
sought for exactly over their point of origin (behind the sternum, at the 
level of a line drawn obliquely from the sternal insertion of the third left 
rib to the fifth right costo-sternal articulation), but somewhat lower down, 
on the lower portion of the sternum. 

3. The pulmonary sounds are most clearly conducted to the ear placed 

I)reci8ely over the anatomical site of the pulmonary artery, — in the second 
eft intercostal space, at the sternal insertion of the third left costal car- 
tilage. 

4. Sounds developed in the aorta are loudest, not just over the orifice 
of the vessel (in the second left intercostal space), but in the second right 
intercostal space, in the direction of the ascending aorta. As the aorta 
at its origin completely covers in the root of the pulmonary artery the 
sounds produced in these vessels are necessarily intermingled, and would 
be indistinguishable from each other were it not for the fact that those 
generated at the aortic valves are propagated most energetically in the 
direction taken by the current of blood in the ascending aorta, along the 
course of the vessel towards the second right interspace; at the latter point, 
therefore, aortic sounds should be auscultated. 

It is thus possible to define with sufficient precision the four regions 
in which the sounds of the heart take their rise, by observing carefully 
the direction in which these sounds are most perfectly conducted. That 
this transmission always takes place towards the parts indicated above is 
proved — provided that the relations of the heart to the lungs be not altered 
— by the abnormal heart-sounds, the cardiac murmurs, to be discussed 
further on. 

It was Laennec who laid the foundation of our present knowledge of 
the acoustic phenomena developed by the action of the heart; he named 
the sounds normal cardiac murmurs, in contradistinction to the abnormal 
cardiac murmurs. The term heart-sounds, as distinguished from heart- 
murmurs, was introduced by Skoda. 

Differences in pitch in the heart-sounds are very common. Thus, the 
second sound at the base is frequently higher than the first, and when the 
heart is acting with great energy its pitch may often be accurately deter- 
mined. At the apex the first sound is roost usually deeper and duller than 
at the lower part of the sternum, where it is sometimes exceedingly loud 
and clear; this is obviously to be explained by the facility with which 
sound is conducted through the solid tissue of the sternum. The sounds 
also present great variety in timbre, being sometimes clear and ringing, 
at other times dull and without proper musical character; even in the same 
person this timbre may change rapidly with the varying force of the heart's 
contractions. 

The rhythm of the sounds at the apex and over the lower portion of 
the sternum (that is of the sounds of the left and right ventricles) is not 



invariably trooliaia, nor is it always iambic at the roots of the f^nM tm- 
Bels; often it is the reverse of this, trochaic over tho vesaeU and iambia tt 
the apex, or in both situations iambic, or in both trochaic. These di{[e^ 
ences depend on the occasional predominance of the first sound, when the 
rhythm is at all points trochaic, or of the second sound, when the rbytbm 
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s also lost; in the severer forms of irregularity, indeed, it b 
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Physical Cause ( 

The ^flrsl sound arises from the tension of the auriculo-ventricoltt 
valves, due to the shock of the mass of blood thrown against them during 
the cardiac systole; the *(;co»rf sound is caused by the tension of the setni- 
lunar valves of the aorta and pulmonary artery at the instant that the 
blood projected into the vessels is driven backward by the elastic recoil 
of the arterial walls. 

ing the period of rest the auriculo -ventricular valves hang loosely 
"oatcd upwards when the l^^ 
he direction of the auricles, 
shutting off the lower from 
the upper chambers of iho 
heart; the short auricular 
systole, which precedes bv 
an instant that of the ven- 
tricles, renders them some- 
what tense, but to such t 
slight degree as to give rise 
to no audible sound. Sound 
is produced only by the 
more marked tension wbicb 
resuhs from the systole of 
the venlricles, and which is 
caused partly by the pres- 
sure of the blood against 
the valves, and partly by 
the contraction of the pap- 
illary muscles connt 
with the valves by tiiei 
dwe tendincsB. 

The theory above 
ted, first propounded 
Rouanet (1832), is suppo^ 
ted by many physical analogies and pathological observations. Every 
elastic membrane (like a cord of cat-gut, for instance) emits a sound oa 
being suddenly brought from a state of relaxation into one of extrcroe 
tension; the sudden tension of such membranes, therefore, as the cardiac 
valves, may naturally be supposed to be attended by similar phenomena. 
Experimentally, also, a feeble, dull tone may actually be obtained from a 
tense mitral valve by directing against it a forcible stream of water either 
from the apex of the heart (O. Bayer) or through the aorta, the semi- 
lunar valves of the latter being previously removed (Landois). 
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The mitral and tricuspid valves must also give out sound, each inde- 
pendently of the other, but both at the same moment, both ventricles 
contracting simultaneously. 

Further proof of the accuracy of Rouanet's theory is furnished by cer- 
tain pathological conditions. Thus, if the mitral valve lose its smooth- 
ness of surface and delicacy of structure from pathological deposits of any 
kind, from retraction or inflammatory adhesion of the tips of the valvular 
segments, &c., in such a way that it becomes totally or partially inca- 
pable of being put thoroughly on the stretch, the systolic sound at the 
apex of the heart undergoes change, or disappears completely and is re- 
placed by a murmur. Over the lower third of the sternum, however, the 
first sound remains perfectly pure and clear so long as the tricuspid valve 
retains its smoothness, — which it usually does. 

On the other hand, in those rare cases in which the tricuspid valve has 
been deprived of its elasticity, the systolic sound over the lower portion 
of the sternum is superseded by a murmur, while at the apex it is still 
distinctly heard provided that the mitral valve be intact. 

But tension of the auriculo-ventricular valves, though the principal, is 
not the only cause of the first sound of the heart; this depends to a cer- 
tain extent also on the muscular contraction of the ventricles. Every 
large muscle, when contracting vigorously, especially under electric stim- 
ulation, generates sound (WolJaston), usually of a quality so distinctly 
musical that its pitch may be determined with precision (Helmholtz). 
This takes place not only in all striped muscles, but also in the heart. 
The most weighty evidence in favor of this view, however, is presented in 
the experimental fact that the heart, removed from the body and emptied 
of blood, emits a distinct sound at each contraction (Ludwig and Dogiel), 
although under these conditions the tension of the auriculo-ventricular 
valves is reduced to a minimum. 

And further, in the domain of the pathology of the heart many phe- 
nomena are observed which tend to support the doctrine that muscular 
contraction plays a part in the production of the first sound. Thus the 
systolic sound is found not to be invariably abolished by the presence of 
even very marked and advanced changes in the mitral valve; and, on the 
other hand, it may become indistinct and feeble, even though the mitral 
valve preserve its normal smoothness and general structure, if the muscu- 
lar substance of the heart be affected, as m myocarditis, fatty degenera- 
tion, and other diseases which diminish the contractile power of the or- 
gan. — ^There are also other circumstances which lend countenance to the 
theory that the action of the cardiac muscle is concerned in the genera- 
tion of the first sound, — the facts that in certain conditions the duration 
of this sound is longer than can be satisfactorily accounted for by the 
transient tension of the auriculo-ventricular valves, and that a simple 
state of tension of the mitral valve, produced artificially (by water-pres- 
sure) in the heart extracted from the body, gives rise to a sound having 
no resemblance to that heard in the living subject. Nevertheless, the 
part taken by muscular contraction in the development of the systolic 
sound of the heart is but a very subordinate one: it must not be inferred, 
— solely on the experimental ground that the heart even when empty 
gives a sound in some respects similar to the normal first sound in the 
living subject, — that muscular contraction is the essential factor in the 
causation of the sounds and the tension of the valves but a secondary ele- 
ment, as such a conclusion is plainly at variance with the fundamental 
phenomena presented in oases of cardiac valvular lesion. 
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It 18 now no longer neoessary to discuss or refute in detail the numer 
ous theories that formerly prevailed regarding the cause of the first sound 
of the heart; the only question that ca^ for particular notice is coneern- 
ing the greater or less share taken by muscular contraction in the prod1l^ 
tion of this sound. Till comparatively lately the sudden tenuon of the 
auriculo-ventricular valves was almost universally accepted as the sole 
cause of the systolic sound, the arguments advanced by certain of tke 
earlier authors ^Laennec, Williams, Hope, &c«») to show that the caidiie 
sounds are simply muscular, meeting with but partial acceptance; reeent- 
ly, however, Ludwig and Dogiel, basing their views on experimentil is- 
search, have again ascribed to the cardiac muscle the principal rdle. 

I have repeated Ludwig and Dogiel's experiments, and in doing lo 
pursued the following method: the circulation was controlled by opening 
the thorax (artificial respiration being carried on) and enclosing the greit 
vessels entering and leaving the heart in a ligature, in such a way tbat 
the current of blood could be arrested or restored at pleasure. Like Lndr 
wig and Dogiel I found that the empty heart, at each contraction, oer 
tainly emits a sound which, as might have been expected from the feeble 
ness of the heart's action in such circumstances, is of far less intensitj 
than the normal heart-sound; I have to state positively, however, that 
this sound differs essentially in character from that of the normal faetit, 
it is duller, is toneless (without timbre), and wants also the flapping qoal- 
ity which distinguishes the ordinary first sound. — Another source of enrar 
in these investigations remains to be pointed out, namely, that in the 
empty heart also the musculae papillares continue to contract, and thit 
therefore a certain, though probably slight amount of tension of the an- 
riculo- ventricular valves is brought about. There is thus the possibilitj 
to be borne in mind, that this valvular tension may be sufficient to give 
rise to a sound which, though feeble, goes to diminish still further the 
relative importance of muscular contraction in the causation of the first 
sound. — The only really satisfactory proof that the contraction of theca^ 
diac muscle has any claim to be regarded as an influential factor in the 
origination of the first sound would be the production of evidence to the 
eflFect that the sound is heard even after total destruction of the auriculo- 
ventricular valves; it seems impossible, however, to perform such tn 
operation on the living animal without at the same time setting up such 
grave disturbance as would inevitably vitiate the result of the observa- 
tion. 

O. Bayer adopts the theory that the sound is muscular, adducing cc^ 
tain clinical and pathological facts in support of that view. Thus, he 
states that very frequently in severe acute and chronic diseases he has 
noted various changes in the first sound, especially enfeeblement and dimi- 
nution in its distinctness, while, as was demonstrated by post-mortem 
examination, not the slightest trace of valvular affection existed; there 
was invariably present, on the other hand, a more or less considerable 
degree of alteration of the muscular structure of the heart, (particularly 
fatty degeneration of the primitive bundles and albuminous infiltration) 
occasionally plainly visible to the naked eye, at other times to be detected 
only with the aid of the microscope. 

In all these cases a much less forced conclusion appears to me to be in- 
dicated, namely, that the modifications of the cardiac sounds referred to 
are due rather to non-uniformity in the vibrations of the valves (see p. 
218). There are also on record various instances in which, notwithstand- 
ing the fact that the cardiac muscular tissue was the seat of extensive de- 
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generation, and thus quite incapable of originating any sound, the sounds 
of the heart were normal during life, and could be caused only by tension 
of the unaffected auriculo-rentricular valves (Bamberger). 

It is further often asserted, in favor of the muscular theory, that mi- 
tral lesions grave enoug'h to render the valve absolutely insufficient do 
not always cause the first sound of the heart to disappear: in etieh condi- 
tions it is only masked by the systolic murmur, through which it can al- 
ways still be heard on careful auscultation. ^ — ^I find, as the result of my 
ovrn personal experience in nearly 200 cases of mitral insuffiuienoy, that 
in these circumstances the systolic sound very rarely continues to be au- 
dible; and I would also submit that even when it does persist, notvnth- 
stBiiding the existence of a systolic munnur, we have in this fact no ab- 
Bolute proof of its muscular origin. In the first place, it is never so loud 
as that heard over the right ventricle, (the tricuspid valve bring intact); 
and further, the mitral valve may, if there still remain certain portions of 
its tissue not invaded by the degenerative process, preserve its power to 
vibrate at those parts, and may in this way be enabled to emit a sound; 
or a flVBtolio sound may be conducted from the right ventricle to the apex 
of the heart, a consideration which would explain the persistence of the 
sound along with a systolic murmur even in those cases in which the mi- 
tral valve is degenerated in its whole extent. 

There still remains to be mentioned another phenomenon, obaerved in 
the domain of cardiac pathology, which admits of no possible explanation 
on the supposition that the Grst sound is muscular, and which is compat- 
ible only with the valvular theory, — the absence of the systolic sound at 
the apex when the aortic valves are to a high degree incompetent. Were 
the first sound due to muscular contraction it should still be heard in such 
cases, or should eveu he louder than usual, inasmuch as the insufBciency 
of the aortic valves leads to hypertrophy of the left ventricle. Now in 
hypertrophy of the left ventricle from any other cause, as from disease of 
the kidneys or sclerosis of the aortic system, the first sound is clearly 
marked, frequently intensified; it is unquestionable thai such enlarge- 
ment of the heart not only does not render its sounds weaker, but aotu- 
ally renders them stronger, — though some have indeed held, on the con- 
trary, that a hypertrophied ventricle is less capable of producing a sound 
than one of strictly normal development. The absence of the first sound 
Id aortic insufficiency, however, is, as Traube has shown, readily explained 
by the valvular theory of the origin of the sounds. Thus, during the di- 
astole the auricuto-ventricular valve, the mitral for example, is in a state 
of relaxation; at the end of the diastole it is put slightly on th* stretch 
by the contraction of the left auricle, as has been already stated on p. 
800. This slight degree of presystolic tension (initial tension) gives no 
sound; an audible sound is produced only by the firmer tension which re- 
sults from the systole of the ventricle (final tension). The greater the 
difference between the initial and the final tension of the auriculo-venlrl- 
cular valves the louder will be the sound, just as in any other membrane 
which, previously slack, is suddenly and violently tightened. It, on the 
other hand, the dilTerence between initial and final tension become less, 
the vibrations of the valve become less ample and the sound consequently 
more feeble; and if the diEferenae be diminished still further, absolutely 
no sound is hoard. Diminution of the difference between the initial and 
final tension of the mitral valves of precisely the nature described, is ob- 
served in cases of aortic insufficiency: the initial tension increases, as at 
the end of the diastole of the left ventricle the blood rushing back from 
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the aorta presses on the valvular segments, while the final tension is las' 
ened, as in this affection the aorta, into which the left Tentride projecti 
its contents, soon loses much of its normal elasticity and tensioa. 

Some have endeavored to explain the absence of the first soondin 
aortic insufficiency as owing to fatty degeneration of the moscnlar sub- 
stance of the heart; but this view is negatived by the fact that it is not 
only in the later stages of the valvular affection, when the contractik 
power of the heart begins to fail, but also in its earlier stages, when ths 
hypertrophy of the ventricle is fully compensatory for the valvalar defeek 
and the action of the heart regular and powerful, that the systolic soniid 
is wanting. Moreover, in cases of genuine fatty heart, in which the de- 
generation of the primitive muscular bundles is unquestionably maeh 
more pronounced than when the structural alteration is consequent on 
aortic lesion, the first sound is generally clear, though possibly feeble.— 
Other less weighty objections to the valvular theory may be passed ovef 
without further discussion. — Although the whole question in dispute can- 
not yet be said to be definitely settled, the conclusion to which the pres- 
ent state of our knowledge seems to point is that the first sound is 
tially of valvular origin and only to a slight extent muscular* 



Cause of the Second Sound of the Hsast. 

That the second sound of the heart is produced, not within the cham- 
bers of the organ, but at the semilunar valves of the aorta and pulmontiy 
arterv by the recoil of the column of blood against these structures, and 
that it is only conducted towards the cavities of the heart, is placed be- 
yond all doubt by numerous observations, experimental as well as patho- 
logical. 

The second sound disappears totally on cutting off the flow of blood 
to the heart in livin<j: animals. This may be effected, (artificial respin- 
tion being kept up) by passing a ligature round the venae '*avje close to 
the point at which they enter the right auricle: on lifting and thus tight- 
ening the cord circulation is stopped, on slackening the cord it goes on 
as before. Raising the ligature abolishes the sound completely, lowering 
the ligature restores it at once; but the first sound is found to persist, 
notwithstanding the arrest of the circulation, as the heart continues to 
contract as usual and the auriculo- ventricular valves are regularly thrown 
into a state of tension. Over the heart, also, removed from the body and 
still pulsating, only the first sound is heard, not the second; after the 
heart has ceased to contract, however, a second sound may be produced 
at the aortic valves by closing them abruptly by injecting a stream of 
water into the vessel with sufficient force. The greater the pressure exer 
cised by this body of water the louder the sound obtained. 

The ordinary physiological and pathological phenomena which pass 
under our notice every day are strongly confirmatory of the above con- 
clusions. Thus, it is observed that the second sound is much feebler over 
the ventricles than opposite the arterial orifices, and it is only at the lat- 
ter situation that it possesses its distinctive flapping character. While 
auscultating, if the stethoscope be slowly moved along the surface from 
the region of the apex towards that corresponding with the orifices of the 
great vessels the gradual intensification of the second sound may often 
be clearlv traced. 

But by far the strongest evidence that the second sound of the heart 
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18 generated at the semilunar valves is furnished by the following patho- 
logical observations. When, from hypertrophy of the left ventricle, the 
blood is thrown into the aorta with unusual force the second sound be- 
comes abnormally loud, in consequence of the more energetic recoil of the 
mass of blood against the aortic valves. When, on the other hand, the 

auantity of blood which enters the aortic system on each contraction of 
lie heart is small, as in mitral insufficiency, and more especially in mitral 
contraction, the diastolic recoil of the blood against the aortic valves is 
less forcible and the second sound becomes much fainter, or occasionally 
even quite inaudible, over the left ventricle. This occurs also when the 
contractile power of the heart is from any cause lowered, as in cases of 
fatty degeneration, the general failure of strength which precedes death, 
and in the asphyxial staee of cholera. (In the last-mentioned affection 
there is sometimes not the slightest indication of a second sound at the 
apex, while it is still perceptible, though faintly, at the great arterial ori- 
fices.) Further, when the aortic valves are so altered in structure as to be 
no longer competent to perform their office efficiently, when therefore there 
is no second sound but a distinct murmur at the root of the aorta, the 
diastolic sound over the left ventricle is also wanting, nothing whatever 
being heard after the systolic sound, or only the feeble diastolic murmur 
conducted from the aortic valves. And finally, in cases of reduplication 
of the second aortic sound, the second sound over the left ventricle is 
also double, but weaker than over the aorta. 

It can be shown equally clearly that the second sound heard over the 
right ventricle is transmitted from the semilunar valves at the origin of 
the pulmonary artery. If, as the result of hypertrophy of the right ven- 
tricle, the blood be driven into this vessel with greater force than usual 
it is thrown back with proportionately greater force against the semilunar 
valves during the diastolic period, and the second pulmonary sound is con- 
aequently intensified; over the right ventricle also the same sound is then 
considerably louder. If, on the other hand, the pulmonary valves become 
insufficient from degeneration, — a somewhat rare occurrence, — no second 
sound, but a diastolic murmur, is produced, and over the right ventricle 
also there is no second sound, but the feeble diastolic murmur conducted 
from the pulmonary valves. And finally, when the second pulmonary 
sound is double at its point* of origin it has the same character over the 
right ventricle. 



Cause of the First Abtebial Sound. 

The first arterial sound, which is heard in the second right and second 
left intercostal spaces, close to the sternal articulations of the third pair 
of ribs, and which is synchronous with the first ventricular sound, is to 
some extent to be regarded simply as the ventricular sound propagated 
towards the periphery ; it takes its origin chiefly, however, at the orifices 
of the aorta and pulmonary artery, and is due to the tension and sudden 
expansion of the arterial walls which take place when the blood is dis- 
charged into the vessels by the contraction of the heart. Many patho- 
logical observations go to prove this. Thus, if the coats of the first part 
of the aorta undergo such changes (as from atheromatous degeneration) 
as deprive them of their property of uniform expansibility and of their 
power of entering into vibration, the arterial sound under consideration 
18 not developed; instead of it is heard, at the aortic orifice, a aystolie 
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murmur^ while the first yentricular sound remains unaffected. Kmilarly, 
the first sound at the pulmonary orifice disappears, and is replaced by a 
murmur, when the width of the opening is diminished or the inner surface 
of the vessel roughened by disease. — The first sound at the arterial orifices 
also continues audible when over the ventricles, generally over the left, 
the first sound is abolished or is represented by a systolic murmur. 

But it is not merely in the central portions of the vessels sprinffing 
from the heart that this systolic sound, arising from distention of Uieir 
walls by the advancing blood-wave, is observed; it occurs also in th^ 
larger subdivisions, in the carotid and subclavian, and even, under certain 
pathological conditions, in still smaller krteries, at a greater distance from 
the heart. These sounds will be treated of when discussing the auscolta- 
tion of the arteries. 

It will thus be seen that of the eight sounds heard at the above-de- 
scribed four points in the pnecordial region to six only is a proper point 
of origination assignable: at each of the auriculo- ventricular valves one 
(systolic) sound is produced; in the aorta and pulmonary artery arise two 
sounds, one systolic and one diastolic; the second ventricular sound is 
merely the transmitted second arterial sound. 

These views regarding the parts at which the heart-sounds are devel- 
oped, first announced by Rouanet and accepted (with some modification 
only with respect to the first arterial sound) by Skoda, have been almost 
universally adopted. 

The diagnostic interpretation of the presence of the normal cardiao 
sounds is simply this, — that all the valves are faithfully executing their 
normal functions, and that therefore there is no obstacle to circulation 
within the heart itself. But the satisfactory performance of their func- 
tions does not necessarily imply the absolute anatomical integrity of the 
valves themselves; slight changes may nevertheless exist, and these are 
not unfrequently found on examining the bodies of individuals in whom 
the cardiac sounds during life were perfectly clear. 



Physiological and Pathological Variations in thb Chasacteb of 

THE HkABT-SoUNDS. 

The sounds of the heart naturally present so much diversity of char- 
acter, and pass from the domain of health to that of disease by stages so 
insensible, that it is frequently only by calling to our aid such other signs 
as are furnished by an exhaustive examination of the organs of circula- 
tion, that it can be determined whether or not these changes in the sounds 
are really due to anatomical lesion of the heart itself. These alterations 
afTect the intensity, the purity, and the timbre of the sounds; reduplica- 
tion or division of the sounds comes under the same category. 



The Intensity of the Heart-Sounds 

is very different in different individuals, even in the total absence of any 
excitement of the heart's action. The sounds are somewhat louder in the 
erect than in the recumbent posture, and are still more accentuated when 
decubitus is on the left side; they also acquire greater intensity during 
expiration and in the respiratory pause, as in inspiration the margins of 
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the lungs creep forward and coyer the heart and so prevent the free con- 
duction of its sounds to the surface. The strength of the cardiac sounds 
is also considerably modified by the thickness of the thoracic parietes; 
other thinffs being equal the sounds are therefore louder in children and « 
in those ¥mo are emaciated than in persons having large muscles and an 
abundant covering of fat over the chest. They are further intensified by 
everything which increases the force of the heart's contractions, — mental 
excitement, physical exercise, the febrile state; in these circumstances 
cUl the sounds, both those connected with the yentricles and those ema- 
nating from the vessels, are alike influenced. 

Intensification of only one of the diastolic arterial sounds, however, 
caused by hypertrophy of the heart, is very frequently observed, either 
in the region of the aorta or of the pulmonary artery. To determine 
whether there is actually any exaggeration of either sound it is only neces- 
sary carefully to compare the one with the other. Normally the second 
aortic sound is a very little louder than that of the pulmonary artery. 
Under pathological conditions the second sound at the two great arterial 
orifices varies in strength within very wide limits; the reinforcement of 
the sound may even be so considerable that the diastolic recoil of the 
blood against the semilunar valves, which gives rise to the sound itself, 
may be perceptible to the hand or to the eye as a distinct pulsation in the 
superficial parts corresponding to the situation of these vessels (see p. 
180). 

Hypertrophy of the left ventricle, from whatever cause arising, (ex- 
cepting only that form which results from aortic insufficiency, as in such 
circumstances no sound is produced, but a diastolic murmur), intensifies 
the second aortic sound. 

An intensification of the second pulmonary sound is the necessary 
consequence of hypertrophy of the right ventricle, to whatever cause the 
latter may be due, with the exception of those exceedingly rare cases in 
which the enlargement is connected with insufficiency of the pulmonary 
valves, when the diastolic sound is suppressed and replaced by a diastolic 
murmur. The most notable increase in the loudness of this sound takes 
place in hypertrophy of the right side of the heart from mitral insufficiency 
or stenosis of the mitral orifice, or from a combination of both lesions; it 
is as a rule more marked in the young than later in life. 

The degree to which the second pulmonary or aortic sound is exagge- 
rated in intensity is generally directly proportionate to the enlargement 
of the corresponding ventricle. — When, from fatty degeneration of the 
muscular substance of the heart, the contractile power of the hypertro- 
phied ventricle begins to fail and to be inadequate to fully compensate for 
valvular defects, the strength of the second arterial sound also diminishes. 

It was Skoda who first drew attention to exaggeration of the second 
pulmonary arterial sound as a positive and unerring indication of mitral 
valvular lesion (in the staee of compensation). The same phenomenon is 
observed, though less strikingly developed^ independently of defect of 
the mitral valve, in every variety of congestion of the pulmonary circula- 
tion, as this commonly leads to nypertrophy of the right heart {e,g,, bron- 
chial catarrh of long duration accompanied by vesicular emphysema). It 
is in mitral affections, however, that it is found in its most marked form, 
as in such cases the consecutive hypertrophy of the right heart reaches 
its maximum. 

The increased loudness of the second arterial sound is the more dis- 
tinctly audible the fewer and the less important the obstacles to the 
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transmiseion of the eounda to the waJU of the chest; it is thus, otba 
things being equul, moBt declared when the anterior border of the lung 
recedes and exposes entirely the base of the heart, as bo often happen 
when the heart is very considerably hypertrophied in young persoDS, the 
base of the organ being then in immediate contact with the front of the 
chest. If, on the contrary, the heart be completely closed in bv pdlmo- 
nary tissue, whether from adhesion of the anterior marp^iii of the lunrin 
such a manner that it cannot retreat or from emphyseniatous distention, 
the second pulmonary arterial sound may be of merely its normal strength 
notwithstanding the presence of very decided hypertrophy of the right 
side of the heart. — It js further a ciimmon experience to find this soDud 
of greater intensity when the upper lobe of the left lung is consolidated 
and excavated, and that without anj' enlargement of the right heart; tht 
first pulmonary sound then also appears to be somewhat louder than liie 
first aortic sound. In such cases, however, the pulmonary sounds tiv 
not in reality louder than those originating at the aortic valves, they u*> 
merely carried to the surface with greater precision through the solid 
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Exaggeration of tha second arteiial sound is of much less freqoenl 
occurrence in the aorta than in the pulmonary artery, as simple ana uu- 
complicated hypertrophy is less common on the left side than on th« 
right, and as, further, it is precisely in the affection which most ofieo 
causes enlargement of the right ventricle, — aortic insufficienry, — that th« 
diastolio sound is masked by a diastolic murmur. Almost tne only dis- 
ease of the heart, therefore, which results directly in hypertrophy of ll« 
left ventricle and intensification of the second aortic sound is simple ooo- 
traction of the aortic orifice unattended by lesion of the aortic valves,— 4 
condition which is on the whole seldom met with. The most exquinte 
examples of exaggeration of the second aortic sound are observed it 
hypertrophy of the left heart from atrophy of the kidneys or arteriil 
sclerosis, as in these cases the valves and the orifice of the aorta remuD 
perfectly normal. 



Enfeeblkmknt op thb Sounds op the Hbabt. 

This is frequently noticed, within physiological limits, in perfectly 
healthy persons and in those whose chests are protected by a thick covei^ 
ing of fat. Pathologically it proceeds from one of three causes: from 
the mere feebleness of the heart's action, — in cases of genera) debility, 
therefore, in convalescence from severe acute diseases, and in fatty de- 
generation of the cardiac muscular substance: from the presence of some 
obstacle to the clear transmission of the heart-sounds to the chest-wall, 
as when the margin of an emphysematous lung comes in front of the 
heart, and when the latter is separated from the thoracic parietes by plen- 
ritio or pericardial effusion; or from masking of the sounds by loud rales 
in the adjoining parts of the lungs. 

All the cardiac sounds are weakened in the conditions just named. 
But there are also cases of cardiac valvular lesion in which the second 
arterial sound alone is elfected; the sign, however, is of no ^reat diag^ 
nostic importance. Thus, the partially -filled state of the aortic sjBlei] 
which accompanies extensive and advanced mitral disease (insuffioi 
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and stenosis) leads to enfeeblement of the second aortic sound; and in 
the rare cases in which the tricuspid valve becomes incompetent the dim- 
inution in the quantity of blood in circulation in the pulmonary system 
lessens the intensity of the second pulmonary arterial sound. 

HeAHT-SoUNDS ALTEBBD as BEaABDS THBIB PuBITY. 

The sounds of the heart, particularly the systolic ventricular sounds, 
are frequently neither so accentuated nor so markedly flapping in charac- 
ter as those heard in health ; they become impure, and in extreme instan- 
ces lose more or less completely the qualities of a sound proper, so much 
BO that one is sometimes in doubt whether to regard them as sounds or 
murmurs. Sounds of this doubtful kind often merge into unmistakable 
murmurs when the heart is excited to more powerful action. 

The slighter degrees of impurity of the sounds may have their origin 
in comparatively unimportant changes in the auriculo- ventricular and 
arterial valves; thus a merely trifling diminution in the structural deli- 
cacy of the valves, a slight thickening of their substance, perhaps also 
the want of absolute uniformity of tension and vibration in the various 
valvular segments, and other similar but not yet thoroughly known con- 
ditions, may be sufficient to produce such a result. 

Impurity of the sounds, when not associated with other cardiac anoma- 
lies, particularly with changes in the cardiac impulse or in the volume of 
the heart, has not usually any special diagnostic value. 

Heabt-Sounds of Ringing, Metallic Quality. 

These are observed when air gains access to, and accumulates in the 
pericardium (pneumopericardiun^, in left pneumothorax, and when there 
are large air-filled cavities in those parts of the lungs which are in imme- 
diate proximity to the heart. In all these cases a metallic timbre is added 
to the heart-sounds, by consonance in the air-spaces through which they 
are conducted (compare the metallic respiratory murmur and rdles, pp. 
106, 118, et seq.). 

The heart-sounds acquire a ringing, metallic timbre of the most exqui- 
site quality in pneumopericardium. The air may enter the pericardial 
sac from without through wounds, or from within through pathological 
communications established between parts containing air and the sac, as 
from perforation of the oesophagus or stomach, or the bursting of a pyo- 
pneumothorax or pulmonary cavity into the pericardium, or, as in one 
case I saw in Traube's clinique, the gas may be given off by a pericardial 
exudation. 

In left pneumothorax the sounds have not invariably the metallic char- 
acter; it is wanting particularly when the heart is much displaced to-' 
"wards the right side. The amount and tension of the air in the pneumo- 
thoracic cavity modify this sign in many ways. It is only under specially 
favorable circumstances also that pulmonary cavities situated near the 
heart communicate to the sounds a metallic timbre. 

Whilst in the pathological conditions just mentioned all the heart- 
sonnds have the ringing quality, in cases of atheromatous degeneration 
limited to the initial portion of the aorta the second aortic sound alone is 
frequently of this character, so long as the valvular segments at the root 
of the vessel remain perfectly intact. 

U 
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BSDUFLICATION OB DlYISION OF THE HXABT-SOUKDS. 

The sjBtolio and diastolic sounds may each be broken up into two £i- 
tinct parts; if these be separated from each other by a short pause tbejr 
may be spoken of as reduplicated cardiac sounds^ or if the one passes into 
the other without any appreciable interval, as divided sounds. Redapii- 
cation and division, however, are terms which are generally used synony- 
mously, as both forms commonly owe their existence to the same eaaiei» 
and are apt to pass insensibly into each other even in one and the sine 
patient. For instance, the pause which comes between the two elementi 
of the sound disappears when the heart's action is accelerated, and tiie 
properly double sound becomes a divided sound. The closer the two 
parts approach to each other the less clear and pure is the quality of the 
sound. The rhythm of the heart-sounds when the first is reduplicated ii 
anapaestic, when the second sound is so affected, dactylic. — In some me 
cases the sound falls into three very short portions. — Division of the fint 
ventricular sound is relatively most frequent, the next most common phe- 
nomenon of this kind being doubling of the second arterial sound. 

Reduplication of the first ventricular sound occurs in perfectly hetl- 
thy persons, but is then never permanent, — it comes and g'oes, disappeu<- 
ing entirely as the force and rate of the heart's action are increased, b 
is noticed temporarily also in diseases of the heart, but cannot be said to 
be characteristic of any particular affection. It is connected sometimfli 
with mitral and sometimes with tricuspid disorder, and most probably oii- 
ginates in non -synchronous tension of the individual segments of the to- 
rioulo-ventricular valves. This explanation does not necessarily involve 
the assumption of the non-simultaneous contraction of the ventricleii 
though such an occurrence is not impossible in certain cases, marked by a 
double cardiac impulse (see p. 157) ; the irregularity in tension of the val- 
vular segments may quite justifiably be ascribed to the absence of perfect 
uniformity in the contraction of the papillary muscles. When the hetrt 
begins to act more powerfully these muscles contract regularly and toet- 
getically, the tension of the valves with which they are connected be- 
comes uniform, reduplication of the sounds vanishes, and the two sounds 
become one. 

Two other explanations, much less probable than the one here adopted, 
have been advanced to account for doubling of the first sound. 

1. It is explained by some on the supposition that the tension of the 
arterial walls produced by the entrance of the systolic blood-wave is Ut|r 
in point of time than the tension of the auriculo-ventricular valve. Bui 
in the first place, the interval which separates these two phenomena is to 
exceedingly short that the formation in this way of two systolic soundly 
often marked off from each other by a very appreciable pause, is scarcely 
possible; and in the second place, even in health there is always suchiQ 
interval, though it is not directly measurable, between the systole of the 
heart and the expansion of the aorta and pulmonary artery, whilst the oo- 
currencc of a double first sound is far from common and is only periodic in 
those in whom it does appear. 

2. Reduplication of the first sound has further been said to be due to 
the non-simultaneous contraction of the two ventricles, a similar irregn* 
larity being thus established in the tension of the mitral and tricoraid 
valves. But in these circumstances the second arterial sound should also 
always be doubled, for if the ventricles do not contract in concert artoiil 
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^[pftnsion, and oonaequently the diastolic closure of the semilunar valves, 
riiould likewise be non-simultaneous. Moreover, both portions of the di- 
vided systolic souud are exactly alike in intensity and timbre, whiah would 
not be the case if they were propagated from different ventricles. And 
lastly, this theory faUs entirely to explain those rare cases in which the 
first sound is split up into three parts {tromtnelaclUag, drum-beat). 

In view of the fact that reduplication of the systolic sound of the heart 
is not Tery rare even whilst the orpan itself is healthy, no very decided 
diagnostic significatiDn can he attached to the sign, I have on several 
occasions observed that it could be artificially produced by pressing firmly 
over the apex of the heart in those in whom there was already some im- 
purity of the first sound. Potain has also, in cases of hypertrophy of the 
heart consequent on ^snular atrophy o( the kidneys, met with a variety 
of double (irst'sound (bruit de gulop) in which besides the two normal sounds 
ft third was heard, coming immediately before the first sound and separated 
from it by a short pause; this additioual sound was therefore presystolic. 
It is quite conceivable that this presystolic souud, which I too have noticed 
in a number of instances of hypertrophy of the heart, is caused by the 
contraction of the hypertrophied aurictes. The a uriculo- ventricular valves 
tre to a certain extent rendered tense even at the end of the diastole, that 
ix, in the presystole, but this tension is normally so feeble that no sound 
results; but if the walls of one of the auricles undergo hypertrophy as the 
consequence of some valvular lesion, the corresponding auriculo-ventricu- 
Imr valve is put more sharply and thoroughly on the stretch by the con- 
traction of the auricle and in this way the conditions necessary to the pro- 
duction of a presystolic sound are realized. The systole of the heart is 
then followed by another sound, dependent on the much fuller tension of 
the valve, and considerably louder and clearer in tone than the presystolic 
sound in question. — I have frequently heard doubling of the first sound 
associated with a systolic murmur; occasionally also I have observed this 
BJgn at once develop into a marked systolic murmur when the heart's ac- 
tion was increased in force. 

Redupiicalion or division of the second arterial sound, audible 
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developed, in stenosis of the mitral orifice. In my experience it is hearil 
in almost a third of alt such cases. It is most clearly defined over the 
lower portion of the sternum and near the apex of the heart, and is less 
pronounced in the region of the arterial orifices; it is, further, generally 
appreciable only when the heart's action is slow and tranquil, while if the 
lieart be excited to quicker and more rigorous contraction the two sounds 
usually merge into a diastolic murmur: in some cases, however, they per- 
\y Dot withstanding the appearaaoe of this murmur. The double dias- 
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tolic sound associated with mitral contraotion remains tolerably constant, 
and always returns even after a temporary disappearance. 

Reduplication of the second sound of the heart in mitral stenons ii 
difficult to account for satisfactorily. Geigel ascribed it to non-ooiod- 
dence of the closure of the arterial valves, the necessary consequence of 
the unusual difference in the quantity of blood contained by the aorta u 
compared with that in the pulmonary artery in cases of this affection; tlie 
aorta receives a relatively small quantity of blood on each contraction of 
the heart, is therefore but slightly distended, and accordingly contracti 
sooner than the pulmonary artery and its valves are sooner closed thaa 
those at the entrance to that vessel; the latter also is constantly OTe^ 
loaded with blood discharged by the hypertrophied right ventricle and is 
thus unduly distended, and its walls are eventually to a considerable ex* 
tent deprived of their elasticity. 

There are several circumstances, however, which seem to tell decidedly 
against this view: the broken diastolic sound is (so far as I have observed) 
certainly not loudest over the large vessels, but at the lower part of tho 
sternum and near the apex of the heart, and is, further, absent in the mora 
marked cases of mitral contraction, precisely the cases in which the coo* 
ditions most favorable to the postponement of the closure of the pulmo- 
nary valve are present in the highest degree; division of the diastdio 
sound, also, is never met with in mitral insufficiency^ notwithstanding the 
fact that it is followed by the same consecutive changes (hypertrophy and 
dilatation of the right ventricle, engorgement of the pulmonary circala- 
tion) as stenosis. It appears rather that the reduplication of the second 
sound originates at the narrowed orifice itself, as it so often vanishes com- 
pletely on increasing the force of the heart's action, and gives place to a 
loud diastolic murmur; there is therefore nothing forced in the inferenes 
that the two elements of the phenomenon in question, which form a sound 
which is always more or less muffled or impure, are in reality the compo- 
nent parts of a murmur. — It has also been conjectured, on the other hand, 
that the first part of the divided sound is simply the diastolic pulmonary 
sound, and that the second is produced, towards the end of the diastole, 
by the contraction of the hypertrophied left auricle, — a theory whidi 
would yield a plausible explanation of those cases in which the reduplica* 
tion remains even when the diastolic murmur is developed. 

A double second sound is heard also when the pericardium beoomei 
adherent to the heart (Friedreich); here the posterior wall of the chest, 
being first dragged inwards towards the vertebral column during the car- 
diac systole, springs back sharply to its original position during the dias- 
tole, the parietal vibrations so generated constituting a dull muffled sound 
following closely on the second ventricular sound. 

Cabdiac Murmubs. 

The murmurs heard over the heart, in pathological conditions, arise 
either within the heart or the initial portion of the great vessels, or outside 
the heart, on its outer surface; the first are named endocardial, the second 
pericardial, murmurs. 

Endocardial Mubmubs. 

These are produced, 

1. By those anatomical changes in the valves or arterial coats which 
give rise to incompetence of a valve, to contraction of a valvular orifice. 
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or to dilftUtion of the roots of the great vessels, lesions which al 
some obstruction of the circulatioTi; occasionally, however, they a 
duced also by anatomical chang«a which olfor no impediment to tne pas- 
sage of the blood, such as the presence of deposit on the endocardia! lin- 
ing of the ventricles, &c. 

2. By Don-uniformity in the tension of valves and arterial walls, the 
uiatomical structure of the heart being perfectly normal. 

Murmurs dependent on the existence of actual obstruction of the ctr- 
eolation are termed organic murmurs, those occurring independently of 
Buch obstacle, and in a heart in no way altered in structure, inorganic 
murmurs. 

Organic murmurs arise from oscillation (a whirling, eddy-like motion) 
ol the blood-current, caused by the obstruction which embarrasses the 
circulation. 

The physical cause of this oscillation in cases of stenosis of any of the 
cardiac orifices (arterial or venous) is the abnornal force with which the 
miiss of blood is driven through the narrowed aperture; in valvular in- 
lufficiency it depends on the circumstance that a part of the blood on the 
farther side of tne affected valve regurgitates through the partially-closed 
opening {e. g., from the left \-entricle into the left auricle in mitral in- 
■afficiency, from the aorta into the left ventricle in aortic insufliciency), 
the backward wave thus coming into collision with the onward current; 
a similar movement takes place within aneurismal tumors of the aorta, 
the column of blood within the sac being thrown into commotion by each 
successive systolic blood-wave. All murmurs established in connection 
frith disturbance of the circulation from organic causes, are thus primar- 
ily murmurs pertaining to fluid; untjuestionably, however, these move- 
ments are often communicated also to the degenerated valves, and the 
murmurs are in this way greatly intensified. 

Some anatomical alterations also, which do not present any hin- 
drance to the transit of the blood, such as abundant and thick deposit on 
the inner surface of the ventricular walls, small tumors, Ac, may occa- 
■ionally give rise to murmurs; in this case, as in the others, they are to 
be referred to some commotion in the blood-stream. 

Impediment to the circulation takes no share in the causation of inor- 
ganic murmurs; they are attributable solely to irregular, non-uniform 
Tibration of the valves and arterial walls. Uniform vibration yields 
sounds, non-uniform vibration, murmurs (see p. 218). 

Endocardial murmurs are always exactly synchronous with one or 
other of the two phases of the heart's movement, and are therefore either 
systolic or diastolic, or both, according as the embarrassment of cireula- 
tion occurs only in the systole or in the diastole, or in both. 

It is generally a matter of no difficulty to determine whether murmurs 
are systolic or diastolic, this being accomplished by noting the relation 
they bear to the cardiac impulse; systolic murmurs coincide with the 
apex-beat, diastolic murmurs come directly after it. But when the 
heart's action is very irregular (as is frequently the case in mitral valvular 
lesion when compensation begins to fail, and after the use of digitalis) or 
tumultous, or so feeble that pulsation is no longer perceptible to the 
touch, the rhythm of the murmur can bo nsoerlained by placing the finger 
on the carotid artery, the throb of which is synchronous with the impulse 
of the heart. Palpation of the radial artery is not to be trusted to for 
purpose, as the pulse at the wrist is appreciably later than the heart's 
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Systolic murmurs are further commonly diatioguisbed from 
rmurs by being more accentuated, and usuallv also louder, u 
the force under the influence of which they origiuaie is that supplied bj 
the muscular contraction of the heart itaelf; diastolic nmrmura, on ikt 
other hand, are generallj- prolonged and not accentuated. 

Endocardial murmurs, toth systolic and diastolic, are very variahU in 
character; they are usually blowing or softly aspirated, but may also be 
of a rustling, sawing, scraping, grating, wliisiling, or singing qualiir. 
Not unfrequently a murmur presents several of these peculiarities sinud- 
taneously. 

None of the properties just mentioned possesses any differential di^f- 
nostic signification ; though the diSerences in the murmurs are in put 
due to the special form of degeneration in which the valves or the sUnfr 
tures round the cardiac orifices are involved, all the various diseaMS ta 
which these parts are subject set up the same hindrance to the circulation, 
and it is only the latter, the nature of the obstruction, tbat is the proper 
object of diagnosis. 

The intensity of murmurs is as variable as their quality. SotnetimM 
they are so faint and soft that they are recognized only after long and 
attentive examination and by eliminating the reepiratory sounds (causii^ 
the patient to suspend respiration); at other times they are so loud uto 
be heard not only in the pnvcordial region but also over the whole an- 
terior, and occasionally also the posterior surface of the chest. In the 
latter case they may be audible even to the patient himself, and the ex- 
aminer may hear them while his ear is still a short distance from the cheM- 
vrall, Sucn a pitch of intensity is reached only by systolic, never by di- 
astolic murmurs. 

mgst the conditions which ind 
the most important is the energy of the 
the whirling movement of the blood-str 
contracted orifices the louder the i 
therefore, which is scarcely audible 
regularly, may be transformed inl 



nthe 



^ of the het 



character wh» 
rapidly or raising the arms frequently), 
no existence may by this means be at 
springing into notice under excitement 
diastolic murmurs at a contracted mitral 



ice the intensity of a murmar 

art's action. The more violent 

n at the degenerated valres or 

I produced, A murmur, 

while the heart contracts quietly and 

I loud and distinctlv-markeid 



jgerated («a by walkinz 
a murmurs which before had 
!ce developed. This sudden 
particularly characteristic of 
orifice, these, under ordinary 
circumstances, often entirely escaping the ear (see p, 219), Mumiuis 
may also frequently be intensified by pressing firmly with the stethoscope 
on the surface of the chest in examining. — Whan the muscular power of 
the heart diminishes, especially from fatty degeneration of the cardiac 
substance, at the stage in which compensation fails, murmurs beoome 
weaker and sometimes almost completely disappear. 

In those cases in which the murmur has its origin in some obstacle to 
the free passage of the blood the heart generally contracts with greatly 
increased vigor, as the right or left ventricle undergoes a certain amount 
of hypertrophy to enable it to overcome the difficulty with which it has to 
contend in keeping up the circulation. Such murmurs are accDrdingly usu- 
ally loud. Inorganic systolic murmurs, on the contrary, not being caused 
by obstruction to the blood-current but merely by irregular vibration of the 
valves and arterial walls, conditions which never lead to hypertrophy of 
the heart, are almost invariably weaker than those determined by organic 
change. 



X HANDBOOK OP PHYSICAL DIAGNOSIS. 



The intensity of the murmur is by no means invariably proportiouate 
to the gravity or extent of the anatomical lesion to which it is due; it 
not unfrequently happens that on post mortem examination very slight 
changes are found in the valves of those who, during life, had presented 
a very loud murmur, and vice versd. For example, the intensity of tha 
aystolio murmur resulting from degeneration of the whole extent of the 
mitral valve is not necessarily greater than that generated when the vatve 
is still in part intact. Only such murmurs as proceed from a constricted 
orifice show any correspondence in intensity with the degree of the con* 
traction present. — On tho other hand, the nature of the degenerative 
process which has taken place in the valves and orifices occasionally, but 
not always, has a marked influence on the strength of the murmur; very 
bard excrescences excite a louder, iMugher murmur than a soft deposit, — 
Finally, all murmurs are louder when the patient stands or sits than when 
he is recumbent; in the latter position indeed tiiC' softer murmurs are 
sometimes entirely suppressed. 

The duration of a murmur Is very different in different oases; in some 
instances it is short, in others it tukes up the whole of the systole or dias- 
tole, while if both periods of the cycle be occupied by murmurs the latter 
may be so prolonged as to leave scarcely any appreciable pause between 
them. 

In general organic murmurs are of considerably longer duration than 
the norma! sounds of the heart, as the latter arise simply from tha 
short, transient lightening of tlie valves, while the former are produced 
during the whole of the time that the whirling commotion of the blood- 
current lasts. This is true especially of the diastolic murmurs ; the 
ordinary diastolic sounds are heard only at the commencement of the 
diastole, but the murmurs often continue to near its end; in another 
class of cases, however, such murmurs appear only towards the close of 
the diastole. 

For this reason the pauses observed between the sounds of the heart 
have been by some subdivided, the interval which elapses between systole 
and diastole being designated perisystole, while that which comes between 
the diastole and the following systole is divided into two parts, of which 
the first is termed the periiiiastole, the second, which shortly precedes tlie 

S stole, tho presystole (Gendrin). This classification, except for the fact 
at it recognizes the importance of the presystole, which will be found 
more minutely discussed on p. 320, is of no particular practical value, as 
it is not on the longer or shorter duration of a murmur that tho diagnosis 
of any valvular or other anatomical lesion rests, but simply on the exis- 
tence of the murmur as the prime fact, on the exact point in the cardiac 
cycle {in the systole or in the diastole) at which it makes its appearance. 
Mid on the consecutive changes found in the heart. 

The normal heart-sound is either completely lost in, or still remains 
audible along with the murmur, systolic or diastolic, which accompani 




This sound, when associated with a systolic murmur, is either syn- 
chronous with it or immediately antecedent to it; it is sometimes louder, 
sometimes feebler, than the murmur, and is always of shorter duration. 
If such a sound, accompanying, for instance, a systolic murmur at the 
apex, presents any decided difference in intensity and timbre from the 
systolic sound of the right ventricle, it is obviously not to be regarded ai 
propagated from the latter, but as being produced independently at thi 
mitral valve. The diagnostic significance of a sound of this kind, coin 
mding with a systolic mitral murmur, is that a portion of the valve in 
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question is still functionally perfect, capable of entering into Tibratkni 
and of complete closure. 

As at the apex (mitral valve) so over every other part of the bent, t 
systolic murmur mav be attended by a systolic heart-sound, and the kt- 
ter, when not traceaole to transmission from some other valve, points to 
the conclusion formulated above, — that the corresponding valve or arte- 
rial wall is still to some extent anatomically intact and susceptible d 
vibration. 

A diastolic sound often mingles with diastolic murmurs, but genenDy 
only at their outset; this applies almost exclusively to the murmur heud 
in aortic insufficiency, when the presence of the sound, as in the other 
cases just mentioned, shows the partial integrity of the valve concerned. 

The louder and rougher the systolic murmur the greater the difficnhj 
in hearing the systolic sound which possibly accompanies it, as the souoa 
is masked and altered by the murmur. This may be obviated, howcTO^ 
by withdrawing the ear a little way from the stethoscope, when it will be 
found that the murmur is thereby rendered weaker, while the sound, on 
the contrary, becomes clearer and stronger (Rapp and Gendrin). Fried- 
reich advises, for the attainment of the same end, that the larger end of 
the stethoscope be displaced somewhat from its usual situation over the 
ear, in such a way that it covers only a portion of the external auditoij 
meatus, causing all sounds passing through the instrument to be conducted 
through the bones of the head. I have had many opportunities of con- 
vincing myself of the great utility of both of these methods in enabling 
one to distinguish clearly the sounds of the heart. 

A systolic sound associated with a systolic murmur, heard at the apex 
of the heart and of a moderate degree of loudness, distinctly different in 
timbre from the systolic sound proceeding from the right ventricle, and 
therefore evidently not a sound transmitted from the right side of the 
heart, must necessarily be regarded as originating at some part of the 
mitral valve still untouched by degenerative change. The only exception 
to this general rule is seen in those very rare cases in which, as has been 
proven by post-mortem examination, a sound is heard while the valTe 
from which it seems to arise is totally disorganized; it is these cases only 
which are entitled to be considered instances of muscular heart-sound. 
I have, moreover, met with a not insignificant number of cases of systolic 
murmur in which no trace of systolic sound could be detected, even by 
the aid of the various methods of auscultation just described. 

Systolic murmurs are not invariably dependent on structural change 
within the heart (the exceptions are given on p. 217); diastolic murmon, 
on the contrary, never occur save as the result of anatomical lesion. 

The changes which give rise to systolic murmur are, on the left side 
of the heart, insufficiency of the mitral valve, contraction of the aortie 
orifice, atheromatous degeneration and aneurism of the ascending aorta; 
on the right side of the heart they are due to tricuspid insufficiency and 
narrowing of the mouth of the pulmonary artery. 

Nevertheless systolic murmurs, really emanating from the aurioulo- 
ventricular valves or the arterial orifices, may exist without insufficiency 
or stenosis of these parts, merely from the presence of a somewhat abun- 
dant pathological deposit on their endocardial surfaces; in such circumstan- 
ces all the consecutive changes in the heart, observed to follow insuffi- 
ciency and stenosis, are wanting. Thus, when the mitral valve is rough- 
ened by deposit, without being thereby rendered incompetent, there is 
no hypertrophy of the right ventricle, and when the aortic orifice is simi- 
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I&rly affected^ without stenosis^ there is no hypertrophy of the left ven- 
tricle, &c. A deposit on the inner surface of the ventricular walls also 
may, if it project far into the cavity, cause a systolic murmur. 

The anatomical alterations which give rise to diastolic murmurs are 
contraction of the auriculo-ventricular orifices and incompetence of the 
arterial valves. It is the mitral orifice which is most frequently the seat 
of stenosis, and the aortic valves that are most often incompetent; the 
same anomalies on the right side of the heart are, on the contrary, ex- 
tremely rare. 

These anatomical structural modifications, which consist usually of 
the deposition of lymph and the formation of excrescences on the valves 
and arterial orifices, atrophy or shrinking of these parts, adhesion of the 
valvular segments to each other or to the endocardial lining of the heart, 
&C., are Jtlways the sequelse of a previous attack of acute or chronic endo- 
carditis. 

Inobganic (Accidental, Ak^mic) Mubmuss. 

Whilst, as already remarked, diastolic murmurs appear only in con- 
nection with some actual mechanical disturbance of circulation, it is one 
of the commonest experiences to find a systolic murmur in a heart in 
"which there is no valvular disease or other anatomical lesion, that is, un- 
der normal conditions so far as the organs of circulation are concerned. 
Such a munnur, in contradistinction to those which result from organic 
affection, is termed an inorganic murmur. 

Inorganic murmurs are distinguished from those of organic origin by 
the following characters: 

1. By their softness, feebleness, and short duration; they are of a 
ffently blowing quality or softly aspirated, never harsh, sawing, or rasp- 
ing, &o. 

2. By their rhythm; they are, as already noted, never diastolic,* but 
invariably systolic and generally attended by a more or less marked sys- 
tolic heart-sound. 

3. They occur most frequently at the pulmonary orifice, next most 
often at the mitral orifice, but very seldom at the aortic or tricuspid 
valve. The systolic murmur is most usually limited to the pulmonary 
orifice, sometimes it is heard over both it and the mitral valve, occasion- 
ally over the latter alone, and very rarely over both auriculo- ventricular 
yafves and both arterial orifices. 

4. They are very commonly, in chlorotic subjects, combined with mur- 
murs in the veins of the neck. 

5. They are not permanent, but become feeble as the general health 
improves, and ultimately disappear altogether. 

Systolic, inorganic murmurs are noticed not unfrequently in severe 
acute diseases, such as pneumonia, typhus, puerperal fever, scarlatina, 
small-pox, in the later stages of relapsing fever, &o. ; but it is particularly 
in antemic conditions that they are heard, whether this impoverishment 
of the blood be due to direct loss by htemorrhage (as in women who 
have been recently confined) or to chronic diseases leading to changes in 
the constitution of the blood, (especially chlorosis, pernicious antemia, 



* Several authors state that in some extremely rare oases they have observed an 
laocgaiiio munnur dkutoUe in rhythm ; I have never yet seen such a case. 
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leukaemia), to marasmus (as in carcinoma of the various organs and in 
malarial cachexia), or occasionally to pregnancy. 

Inorganic murmurs at the mitral orifice are caused by the unequal ten* 
sion of the segments of the valve, and at the pulmonary orifice by the un- 
equal tension of the sides of the artery. 

This abnormal vibration (or tension) of the valves and arterial walls is 
chiefly the result of slight fatty metamorphosis of the muscular substance 
of the heart, more especially of the papillary muscles, which takes place 
whenever anaemia becomes profound.* 

When the papillary muscles, as the consequence of fatty degeneraticm 
of their constituent fibres, contract unequally and with less energy than 
in health, the tension of the auriculo-ventricular valve with which they 
are connected is likewise diminished and non-uniform; in this way, as in 
cases of dilatation of the heart, a temporary relative insufficiency of these 
valves, particularly of the mitral, may be produced. 

The recognition of an inorganic murmur is, as a rule, eomparativelv 
easy, its character and seat, the general morbid condition in which it 
seems to have its origin, and the existence of anaemic murmurs in the 
veins of the neck, being usuallv sufficient to establish its identity. The 
inorganic nature of a murmur, Lowever, is most conclusively demonstrated 
by proving the absence of consecutive organic changes in the heart. 

As an inorganic murmur (in chlorosis, for instance) may be loudest tt 
the apex of the heart, and as the heart's action is commonly also increased 
in vigor, the first impression communicated to the examiner may be that 
he has to deal with mitral insufficiencv, but this hypothesis is at once dis- 
posed of by the absence of hypertrophy of the right heart and of any in* 
tensification of the second pulmonary sound. It is, nevertheless, quite 
conceivable that in certain cases in which chlorosis is present murmon 
may be generated by a relative insufficiency of the mitral valve. 



Propagation and Point op Origin op Cardiac Murktjrs. 

When it has been ascertained simply that a murmur, systolic, dias- 
tolic, or both, is heard over the heart, the only diagnostic inference that 
can be drawn is the general one that there exists some obstacle to the 
circulation of the blood within or near the heart; but the particular valve 
or arterial orifice at which it arises can be determined only by finding that 
it is loudest at a certain spot corresponding to the anatomical situation 
of that valve or orifice, by fixing, in other words, its point of maximum 
intensity. Wherever the murmur presents greatest intensity, there is 
the centre from which it emanates; the further the ear is removed from 
this spot the feebler becomes the murmur. In general murmurs are pro- 
pagated to, and reach their maximum intensity at, certain points accord- 
ing to the same laws that are found to hold good in the case of the heart 
sounds; they are transmitted most distinctly, therefore, towards those 
parts at which the heart is not covered by lung and in the direction taken 
by the blood-current. Thus, murmurs arising at the mitral valve are 
loudest at the apex of the heart or immediately above it, tricuspid mur- 
murs are loudest over the lower part of the sternum^ pulmonary murmurs 
in the second left intercostal space close to the sternum, and aortic mar- 

* In animals fatty degeneration of the heart may be ezpeximentaUy prodnoed I7 
repeated and oopious venesection (Perl). 
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mura in the second right intercostal space at the edge of the sternum 
^^OTffl ihe whole length of the body of that bone. 
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Syetolic murmurs originating at the mitral valve, whether that struc- 
ture be functionally competent or not, are almost always of maximum in- 
tensity at the apex of the heart, while at that point beneath which the 
valve really lies they are but faintly audible, as the heart is there shel- 
tered behind a layer of pulmonary tissue. Even in those cases in which 
the base of the heart is not so covered over by lung, whether this be due 
to retraotion of the anterior border of the lung from hypertrophy and dila- 
tation of the right heart or to the presence of pulmonary condensation 
comph'caling the cardiac lesion (a very rare circumstance), the murmur la 
still loudest at the apex, the cases being very exceptional in which it is of 
greatest intensity over its point of origin, that is, in the second left in- 
tercostal space. The results of post-mortem examination warrant us in 
attributing the last-mentioned phenomenon, when it does occur, to hy- 
pertrophy of the left auricular appendix, as this part of the auricle, when 
much enlarged, comes into immediate contact with the anterior wall of 
the cheat (Naunyn); thus, as in every case of mitral insufficiency the sys- 
tolio regurgitant current of blood, rushing from the left ventricle, enters 
not only tbe corresponding auiicle but penetrates also to its appendix, 
(the cavities of both parts being continuous), the further the latter 
passes round the pulmonary artery and the nearer its apex comes to the 
anterior chest-wall, the more favorable are the conditions presented for 
the propagation of the mitral murmur through the left auricle into the 
appendix and thence to the thoracic parietes. 

Naunyn based his opinion that the abnormal intensity of this murmur 
in the second left intercostal space is really caused by hypertrophy of the 
left auricular appendix on a simple experiment: he found that if at the 
spot at which the murmur was loudest during life a slender needle be 
thrust perpendicularly into the chest it pierces the appendix exactly at 
the part at which it turns round the pulmonary artery and comes forward 
towards the anterior surface of the heart. 

The diastolic murmur arising from stenosis of the mitral orifice is al- 
ways loudest at the apex of the heart and in the region immediately ad- 
joining it towards the ri^ht; it is transmitted, therefore, in the direotion 
of the blood-stream, as it is produced by the commotion of the latter in 
passing from the left auricle mto the ventricle. 

But this murmur, apart from the circumstance that it presents its 
greatest intensity at the apex, is marked by one very distinctive feature 
by which it may be known from the other diastolic murmurs heard over 
the heart, particularly from those emanating from the aortic valves: it is 
not of precisely the same quality throughout the whole period of its du- 
ration, but is generally divided into (wo, sometimes even three portions, 
which are not indeed separated from each other by any very appreoiable 
pause, but which differ very strikingly in character and in the rapidly in* 
creasing loudness of the murmur from its commencement to its end. 
Thus, while the murmur is at first feeble and soft, it speedily becomes 
louder and towards the end of the diastole is usually rough, rasping, or 
grating in quality. — Frequently, also, in cases of mitral contraction no 
monnur whatever is audible over the apex of the heart at the beginning 
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of the diastole, this being developed only at the end of the diastole, iio- 
mediately before the Hystole; it is accordingly in such circumst&ncei 
named a, presystolic murmur. 

That the murmur is so often absent at the co mm en cement, and is de- 
veloped towards the end, of the diastole, that is, in the presystole, ii 
probably to be explained in the following way: when the heart is at rest 
in the diastole the pressure on the blood flowing from the left auricle into 
the ventrical is very low, and if the valvular orifice be not esceseiively 
contracted and its walls not very rough the blood-stream encounter* do 
resistance in its passage through it, and therefore no murmur is set op; 
but when, just before the contraction of the ventricle, in the pres}itole, 
the auricle contracts, the onward current into the ventricle is suddenlj 
quickened, the pressure at the narrowed auriculo-ventricular opening it 
considerably increased, the blood ia thrown into commotion and a munnur 
is of necessity produced. 

In like manner the presvstolio murmur may be intensified, and a true 
diastolic murmur, coining shortly before it, may be called into eiistcDce, 
by exciting the heart to more forcible contraction. In such cases, there- 
fore, there is generated a murmur which occupies the whole of the dias- 
tole, but which, as it is added to and rendered louder in each presystole, 
is composed of two distinctly recognizable parts. 

As stenosis of the mitral orifiee is almost invariably complicated b^ 
iiiBuSiciency of the mitral valve, the diastolic -pre systolic murmur gentr- 
ally passes at once into the systolic murmur resulting from that insuf- 
ficiency; the latter is often accompanied by a short dull systolic besrt- 
ihc valve at any part still preserves enough of its nonotl 
structure to enable it to enter into vibration. 

Sometimes in stenosis of the left auriculo-ventricular orifice the di»s- 
tolic or presystolic murmur disappears entirely when the heart is acting 
quietly, and is replaced by a double diastolic sound, which is immediately 
converted into a diastolic murmur when the force of the heart's coDtiV!- 
tion is increased (compare p. lill), — The diastolic valvular sound also, pro- 
ceeding from the arterial orifices and propagated downwards towards the 
apei of the heart, is commonly heard along with the diastolic or presys- 
tolic murmur. 

The long duration of the diastole, which in cases of mitral stenon» \l 
owing to the slow filling of the ventricle, explains the long duration of 
the diastolic murmuras compared with the shortness of the systolic sound 
or, when the stenosis is complicated by insufficiency, of the systolic mur- 
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2. AOETIC MUEMUES. 

Murmurs originating at the aortic orifice, at the aortic valves, and b»- 
yond them in the ascending aorta are, like the norma! arterial souodi, 
conducted with greatest intensity in the direction taken by the blood- 
stream, and are therefore frequently very loud and distinct in the aeoood 
right intercostal space at the sternal insertion of the third right costal 
cartilage; they have the same intensity, however, over a large part of the 
sternum, and are indeed often louder over that bone than at the point 
just mentioned. It is essential, therefore, in investigating any case of 
aortic disease, that the whole of the sternum should be carefully auscul- 
tated, as the murmur presents its greatest intensity sometimes at one spot, 
■ometimes at another, on the surface of the bone. 
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The systolic aortic mummr ie caused by contraction of the aortic or 
fice, by rou^h excrescences which retard the current of blood through il 
by atheromatous disease in the initial portion of the vessel, and by a 
aneurisms. The diastolic aortic murtnur arises from the regurgitation ot 
blood from the aorta into the left ventricle when the semilunar valves 
which guard the aortic orifice prove incompetent; it is distinguished from 
the systolic aortic murmur by its longer duration, and from the diastolic 
mitral murmur (which, however, it resembles in point of duration) in be- 
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iag of more uniform character; it is not, like the mitral murmur, divided 
into several detached and dissimilar portions, but preserves its rushing or 
blowing quality in full intensity often throughout the whole of the dias- 
tole. This peculiarity alone, apart from the situation in which it is best 
heard, is sutScient to identify it as aortic in origin. — Systolic and diastolic 
murmurs may co-exist, and are then generally separated from each other 
by K well-defined pause, though occasionally the one runs directly into the 
Other without any such interval. 



3. Tbicubpib UtrBuuBs. 

These are commonly loudest over the lower part of the sternum. As 
they are exceedingly rare, however, the diastolic murmur being even rarer 
than the systolic, and as aortic murmurs are frequently heard with great 
distinctness in the same region, the actual existence of a genuine tricus- 
pid murmur can be affirmed only when the consecutive signs of aortic le- 
sion are obviously wanting and those of tricuspid lesion (more particularly 
the venous pulse) are demonstrably present. 



4. Pulmonary Mubmubs. 

s emanating from the pulmonary artery are of extreme rarity; 
when they occur they are most plainly audible in the second left intercos- 
tal space, close to the sternal insertion of the third rib, that is, exactly at 
the part beneath which the pulmonary orifice is situated. 

The different heart-murmura may be associated with each other in va- 
rious ways. The commonest instance of this is seen in the combination 
ot two murmurs, a systolic and a diastolic, at the same spot; this takes 
place most often at the mitral valve, next most frequently at the aortic 
orifice, — The other variety of oombination is that in which murmurs arise 
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at two or even more separate points within the heart. The fact that sach 
murmurs originate independently of each other in any given case is placed 
beyond doubt by observing that they are of nearly equal intensity y and are 
possibly very dissimilar in timbre, at two different points on the surface. 
If the murmur be simply systolic at one of these and exclusively diastolic at 
another, it is self-evident that it is double, owing its existence to morbid 
alterations at more than one part of the heart. But even when two sys- 
tolic or two diastolic murmurs present themselves at two points in the 
praecordial region the recognition of their separate origin is as a rule very 
easy. As tricuspid and pulmonary lesions are on the whole somewhat 
uncommon, the murmurs which are most often combined are those pro- 
ceeding from the mitral and aortic valves. 

The occurrence of two murmurs, at two of the valves or two of the ori- 
fices of the heart, does not affect their propagation or the localization of 
their points of greatest intensity. Thus if there be a systolic murmur at 
the mitral valve and a diastolic murmur at the aortic valves, the former, 
as already indicated, continues loudest at the apex, the latter at the ster- 
nal insertion of the third ri^ht rib or over the surface of the breast-bone. 
— The number of murmurs neard in the prascordial region varies with the 
number of valves or cardiac orifices involved in disease. At each auriculo- 
ventricular valve and orifice two murmurs may be generated, one, systolic 
in rhythm, when the valve is incompetent, one, diastolic, when the orifice 
is contracted; and, similarly, at the root of each of the great arteries two 
murmurs may originate, one, systolic, when the arterial orifice is nu^ 
rowed, and one, diastolic, when the valves which s^uard the orifice become 
insufficient. It is to this that the great variety of combination into which 
murmurs enter in complicated cardiac diseases is due. I had for a loDg 
period one case under observation, in which five different murmurs were 
distinguishable, one systolic and one diastolic at each of the arterial ori- 
fices and one systolic at the mitral valve. 

Occasionally the differentiation, particularly as regards timbre and 
seat of greatest intensity, of the various murmurs dependent on cardiac 
diseases of a complex nature, is attended by some little difficulty, on ac- 
count of the influence which these morbid sounds exert on each other in 
being propagated through the tissues; as a rule, however, a consideration 
of the other physical signs and the consecutive changes in the heart, as 
well as of the condition of the circulation generally, is sufficient to guide 
one to a safe conclusion with reference to the point at which a murmur is 
produced. 

The following is a rkaume of the physical signs connected with the 
various heart murmurs. 

1. MiTBAL Insufficiency. 

A systolic murmur presenting its greatest intensity at the apex of the 
heart (the systolic sound being either completely wanting or still heard 
with greater or less distinctness), hypertrophy and dilatation of the right 
ventricle, and intensification of the second pulmonary arterial sound. 

2. Mitral Stenosis. 

A diastolic or presystolic murmur loudest at the apex (sometimes alsOi 
when the heart's action is tranquil, reduplication of the diastolic sound). 
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hypertrophy and dilatation of the right ventricle and intensification of 
the second pulmonary arterial sound. — When, as is very frequently the 
case, there is mitral insufficiency as well as stenosis present, the diastolic 
murmur is combined with one which is systolic in rhythm. 

8. Tricuspid Inbufpicikncy. 

A systolic murmur most distinct over the lower part of the sternum, 
systolic pulsation of the jugular veins, and sometimes very marked en- 
feeblement of the second pulmonary arterial sound (from lowering of the 
blood-pressure within that vessel). 

4. Tbicuspid Stenosis. 

This is an extremely rare cardiac lesion, scarcely ever occurring alone. 
It is marked by a diastolic or presystolic murmur, loudest over the lower 
part of the sternum, and by presystolic pulsation of the jugular veins. 

5. Stenosis of the Aortic Orifice. 

A systolic murmur most audible in the second right intercostal space 
at the sternal insertion of the third right rib, of equal intensity over the 
whole of the upper part of the sternum (the first sound being absent or 
still heard along with the murmur), hypertrophy and dilatation of the left 
ventricle, a very small radial pulse. This affection is generally complica- 
ted by insufficiency of the aortic valves, when the signs proper to the lat- 
ter are added to the foregoing. 

6. Aortic Insufficiency. 

A diastolic murmur of maximum intensity over the greater part of the 
sternum and in the second right intercostal space at the sternal insertion 
of the third rib; the first aortic sound is often muffled, or superseded by 
a murmur, as the entrance to the vessel is usually roughened by, struc- 
tural change or deposit, and is therefore the seat of more or less consid- 
erable narrowing. In the carotid artery the first sound is commonly of a 
similar, indistinct character, or is replaced by a murmur, the second 
carotid sound being absolutely wanting or masked by the diastolic mur- 
mur transmitted from the aorta. This lesion is further characterized by 
hypertrophv and dilatation of the left ventricle, and a bounding pulse. 
The arterial pulse may be accompanied by an audible sound. 

7. Stenosis of the Pulmonary Arterial Orifice. 

A systolic murmur most marked in the second left intercostal space 
dose to the sternum; hypertrophy and dilatation of the right ventricle. 

8. Insufficiency of the Pulmonary Arterial Valves. 

A diastolic murmur whose seat of maximum intensity is in the second 
left intercostal space; hypertrophy and dilatation of the right ventricle 
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— ^Pulmonary arterial lesions are very seldom met with; when ihe^ do 
occur both f ormSy stenosis and insufficiencyi are most commonly combmed 



AoBTic Ansubisics. 

These sometimes ^ve rise merely to systolic murmurs, or, if compli* 
cated by insufficiency of the valves, also to diastolic murmurs, the systolie 
sound being still audible or entirely abolished. 

The point of maximum intensity of aortic aneurismal murmurs gene^ 
ally coincides with that of murmurs due to aortic stenosis or insufficient, 
the propagation and distribution of such murmurs, however, varying with 
the size and the precise situation of the tumor. Thus, the murmur from 
an aneurism of the ascending portion of the arch of the aorta is heard 
most clearly in the second right intercostal space and over the sternum, 
that from aneurism of the transverse part of the arch passing still further 
to the left of the sternunL. All these murmurs are frequently percepti- 
ble to palpation over a large extent of surface. They may, however, be 
entirely wanting even in aneurisms of moderate size, provided that the 
aortic orifice be not contracted by very rough growths and that the sig- 
moid valves be still intact; in such circumstances simple heart-sounds of 
greater or less purity take the place of murmurs. Aneurisms of the aorta 
lead to hypertrophy of the left ventricle when, as is usually the case, the 
aortic valves are at the same time insufficient; but should the latter struc- 
tures continue capable of effecting complete closure of the orifice the 
ventricle may show no increase in size. 



Pebicabdial Mubmubs. 

So long as the opposed visceral and parietal surfaces of the perica^ 
dium retain their normal perfect smoothness, the gliding of the one upon 
the other, which necessarily takes place when the heart contracts and 
moves about in the pericardial sac, is accomplished absolutely noiselessly. 
But when they are roughened by the deposit of fibrinous exudation, as 
the result of inflammation of the pericardium, the friction of the one on 
the other, due to the heart's movements, gives rise to certain murmurs, 
known as pericardial friction-murmurs. 

The impression these sounds make on the ear is that of a light rub- 
bing, scratching, grating, &c., characters which alone are generally suf- 
ficient to distinguish them from the soft blowing murmurs of endocardial 
origin. 

Pericardial friction-murmurs also, those at least arising on the front 
of the heart, are very frequently accompanied by well-marked fremitus 
which, except that it is somewhat feebler, is in no way different from the 
thrill due to pleuritic friction. The general character of this vibration is 
such as to suggest a very superficial origin, — it seems to proceed from a 
point immediately beneath the chest-wall; as there is no palpable endo- 
cardial murmur which bears any resemblance to the palpable pericardial 
murmur in this particular respect, attention to this sign alone is enough 
to set at rest any doubt as to the origin of a murmur. Next in diagnostic 
importance to this superficial quality is another by which pericardial may 
be known from endocardial murmurs: they are not permanently synchro- 
nous with the systole or diastole, but ar& apt to occur irregularly in the 
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cardiac cycle, following at one time the systole, at another tlie diastole, 
according- to the situation of the points, on the surface o£ the heart, at 
which the roughened pericardial membranes come into contact. Thus, a 
friction -sound may be heard at the base of the heart an instant earlier 
than in the region of the apex, as the contraction of the auricles precedes 
the ventricular systole. — Most commonly both of the heart-aounda remain 
Audible, the friction-murmur being- interposed between them. Pericardial 
murmurs, also, are never propagated to such a distance as endocardial 
murmurs; sometimes at parts comparatively close to those at which they ' 
are distinctly appreciable they become feeble or even disappear com- 
pletely. 

The intensity of pericardial murmurs depends principally on the fol- 
lowing conditions: the amount and thickneiis of the fibrinous deposit, the 
degree of energy with which the heart acts, the locality at which the 
murmurs are generated (other things being equal, therefore, friction- 
flonnds developed towards the front of the pericardium are louder than 
the others), and the attitude of the patient. Friction-murmurs may be 
caused to disappear from one part and reappear at another by changing 
the atiiiude of the patient and ho altering the position of the heart, the 
visceral and parietal surfaces of the investing membrane being then 
brought to bear on each other at different points. In the same way they 
may be weakened or eveti abolished by placing the patient on his back, 
or, on the other hand, they may be first called into existence, or intensi- 
fied, when he is caused to sit or stand or to turn over to the left aide. 
Inspiration, when it coincides with the contraction of the heart, has 
usually the effect of increasing the intensity of the friction-murmur. 

"" " "' 'ons which have been described above as diminish- 

intensity of pericardial murmurs have no such in- 
murmurs; a consideration uf these diagnostic indi- 
cations, therefore, apart from the other signs of pericarditis, usually 
I enables one to recognize with certainty the pericardial nature of a mur- 
I tnur, even when the latter presents a low degree of intensity. 

]t is only very soft and feeble pericardial murmurs, such as communi- 
cate DO feeling of vibration to the hand and thus want one of their most 
oharaoteristic features, that are apt to be mistaken for those of endocar- 
I dial origin; this happens particularly when the heart acts irregularly and 
with great rapidity, when there is almost no possibility of making a dia- 
tinction between systole and diastole. But even in such cases prolonged 
I observation, and examination when the heart's action is quiet, generally 
warrant the formation of a positive diagnosis. — No reliance is to hr 
placed on the rule sometimes laid down, that simple pressure with the 
stethoscope, which brings the two pericardial surfaces into more intimate 
' contact with each other, serves to distinguish between pericardial and en- 
' docardial murmurs by intensifying the former and weakening the latter, as 
murmurs really taking their rise within the heart are sometimes rendered 
I louder by this manoauvre, — occasionally even a pure systolic heart-sound 
I at the apex may, by exercising pressure in this woy, be transformed into 
a well-marked systolic murmur. 

Sometimes friction -sounds which differ from each other in some par- 

I ticular, but which nevertheless are of equal intensity, are heard at several 

I points in the pra.'Cordial region; such murmurs are not produced at and 

transmitted from one common point of origin, but proceed from several 

distinct and separate spots on the heart's surface. 

I Friction -sounds are not usually audible throughout the whole period 



fluence on endocardial 
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that the pericarditis lasts, but, as a rule, only at its beginnlDg and end,— 
at the outset of the disease, as the amount of exudation poured out b still 
comparatively small and the two layers of the pericardium are thus per- 
mitted to come into closer relation to each other, and towards its termina- 
tion, as the fluid portion of the exudation is now absorbed and only the 
firm fibrinous portion is left behind; but at that stage of the affection at 
which the exudation is most abundant the murmur* disappears, the serous 
surfaces being held apart by the mass of fluid interposed between them. 
Pericardial and pleuritic friction are thus subject to exactly the same 
laws as regards the particular stage of the disease at which they are ob- 
served. — Pericardial friction appears earliest and most frequently at the 
base of the heart, in the neighborhood of the great vessels, as at this paii 
the organ is less freely movable than in its lower segment, and the peri- 
cardial surfaces are allowed to remain longer in contact; here also amacfa 
more copious exudation of fluid is required to separate the visceral from 
the parietal layer of the pericardium and so prevent them from rubbing 
on each other. On the other hand, friction-sounds often persist for 
weeks after the subsidence of the pericarditis, but they diminish grada- 
ally in intensity as the fibrinous deposit melts and becomes more fluid, 
till they disappear all- together when the surfaces regain nearly their no^ 
mal smoothness or when the two portions of the membrane are glaed 
together by adhesions. 

Pericardial friction-murmurs are not dependent solely on pericarditb; 
they are sometimes due to tuberculosis or cancer, ecchymoses or callous 
thickening, of the pericardium, muscular tumors of the heart, and similar 
affections. It is stated also that abnormal dryness of the pericardium, in 
the stage of asphyxia in cholera, occasions pericardial murmurs; for my 
part I have never observed murmurs of this nature, though I have fre- 
quently searched for them in patients in the condition described. 

Murmurs are also sometimes caused by the presence of roughness of 
the outer surface of the pericardium, when this part of the membrane 
rubs against, the adjoining portion of the lungs or the thoracic parietes; 
these are termed extrapericardial or pneumo-pericardial murmurs, and 
are identical in character with the intrapericardial murmurs. — Finallj, 
the pericardium may be perfectly smooth but may move to and fro on 
the roughened pleura (in cases of Pleurisy). Murmurs (pleuro-pericar- 
dial) so produced are usually enfeebled or even abolished by simply hold- 
ing the breath ; very rarely they persist notwithstanding that respiration 
is suspended. The formation of a diagnosis between intra- and extraperi- 
cardial murmurs is possible only on taking into full consideration all the 
other signs furnished by physical examination, though even then it caa* 
not always be made with perfect certainty. 
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If the stethoscope be placed lightly on the carotid artery, when the 
circulatory apparatus is in its normitl state, there are heard two perfectly 
pure sounds acooinpanyitig each cardiac systole, separated from each other 
by & short pause; the lirst of these coincides with the expansion, the 
second with the contraction of the artery. The expansion of the carotid 
artery is synchronous with the systole of the heart, its contraction is sim- 
ultaneous with the aardrac diastole. 

To prevent misunderstanding I think it is better to avoid the use of 
the terms "systole" and "diastole" in describing the periods in whioh 
sounds and murmurs are heard in the arteries, as those words have become 
so intimately associated with the nomenclature of the phases of the 
heart's action that they at once and involuntarily recall the latter to 
mind ; all risk of confusion in this matter may bo obviated by employ- 
ing the terms "contrai^tion " and "expansion " with reference to the 
arteries, — It is only in large arteries, those situated close to the heart, 
that arterial expansion, i. e,, the arterial pulse, corresponds exactly with 
the heart's systole; in the more remote vessels the interval between the 
cardiac pulsation and the arterial throb may be so prolonged that the 
latter comes to coincide almost with the diastole of the heart or occurs 
even several hundredths of a second later. The average length of the 
interval between the first and the second sounds of the heart is stated by 
Landois to be 0'3I second, that of the period which elapses between the 
first ^eart-sound and the radial pulse 0'22 second, between the samo 
sound and the pulsation of the arteries of the foot 0'35 second. 

The first sound in the carotid artery muBt be regarded as consistine 
partly of the transmitted Hrst aortic sound ; to some extent, also, it ib 
generated independently in the vessel itself, by the stretching of its walls. 
Various facts may be adduced in support of the view that it is in some 
measure of local origin : it is often quite as loud as the first sound over 
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the aorta; it sometimes continues audible even when this sound is want- 
ing or is superseded by a systolic murmur; in other large arteries, and 
also in some of smaller size at a great distance from the heart, sounds 
may be heard when from any cause the arterial walls are more fully ex- 
panded than usual by the blood-wave. 

The second carotid sound is not developed in the artery, the condi- 
tions necessary to its production being wanting locally; it is simply the 
transmitted second aortic sound. This view is based on the facts that 
when the second aortic sound is replaced by a diastolic murmur the second 
carotid soutid also disappears, there being then either no sound whatever 
in the carotid during the diastole of the heart or in its stead a propagated 
diastolic aortic murmur. 

A. Weil found, as the result of a series of observations on 600 indi- 
viduals, in which special attention was directed to the acoustic phenom- 
ena noticed in the arteries, that in the healthy subject there were two 
sounds in the carotid iii four-fifths of the cases, and that in the remainder 
if a sound were absent it was invariably the first; the second was con- 
stant. My own experience enables me fully to corroborate these state- 
ments. — ^The rhythm of the carotid sounds is iambic, as in the pulroonaiy 
artery and the aorta; the first sound is somewhat feebler and duller, the 
second stronger and clearer. Weil holds that the first carotid sound is 
exclusively of cardiac origin, that it is conducted from the heart; I, on 
the contrary, believe that it in part also arises independently in the ves- 
sel, and for this among other reasons, that in a number of cases I hare 
detected it when at the aortic orifice there was a systolic murmur unac- 
companied by any trace of a systolic sound. 

In the subclavian artery also, in normal conditions, two sounds are 
associated with each contraction of the heart; these have the same rhythm 
as the carotid sounds, are due to the same causes, and in similar patho- 
logical circumstances undergo the same modifications. If either of the 
subclavian sounds is abolished it is generally the first. 

Like the carotid and subclavian arteries the aorta, in the whole length 
of its course through the thorax and abdomen, presents a systolic sound 
which depends directly on the contraction of the heart. When the heart's 
action is vigorous the sound of the descending aorta is appreciable with 
considerable distinctness close to the vertebral column (provided especiallj 
the respiratory murmur be eliminated by suspending respiration); the 
sound of the abdominal aorta may readily be observed in emaciated per- 
sons, whose abdominal walls are soft and flaccid, by pressing deeply with 
the stethoscope. There is no second sound in this portion of the vessel, 
thesecond aortic sound not being carried to parts so remote from its point 
of origin. In the other peripheral superficial arteries, the femoral, brach- 
ial, and radial, no sounds are as a rule discoverable in health; in the first- 
mentioned of these, however, in the femoral, a very feeble sound is occa- 
sionally audible, during its period of expansion. 

In diseased conditions all peripheral arteries, even those of small cali- 
bre, may yield a sound at the instant in which their walls are put on the 
stretch by the advancing blood-wave. ^ 

One of two conditions seems to be necessary to the production of this 
sign : the artery is either more forcibly distended by the blood-wave thau 
normally, or (and this is a still more important factor) is brought more 
quickly than usual into a state of complete tension. These conditions 
are found combined in cases of insufficiency of the aortic valves: the arte- 
ries are rendered abnormally tense by the force exerted by the bypertro- 
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phied left Tentricle, and this increase of tension is developed with great 
rapidity, as the artery is possessied of but a low degree of tension wiien it 
is in the act of contraction, it being' emptied of blood in two directions at 
once, centripetaliy and cenlrifugally. Tlie arterial sounds are therefore 
louder and more exquisitely defined in aortic insufficiency than in any of 
the other disorders still to be mentioned. In aggravated cases of this 
valvular lesion a short and well marked sound is obtained on applying the 
stethoscope lightly over the axillary, brachial, radial, femoral, or popliteal 
artery, sometimes even over smaller vessels, such as the palmar arch, aa 
they are expanded by each successive systolic blood-wave; it disappears, 
however, or becomes weaker in the later stages of this affection, when ihe 
contractile power of the left ventricle begins to fail and the tension of the 
arteries, and the blood- pressure within them, are consequently diminished. 
In those instances, moreover, in which the cardiac disease consists simply 
of hypertrophy of the left ventricle without any valvular defect in the 
aorta, a sound is heard in the larger arteries (the femoral, for example), 
though this sound is not by any nieans constant in its occurrence, and 
even when present is feeble; so long as the aortic valves preserve their 
nonnal structure the arteries show no unusual diminution of tension dur- 
ing the period of contraction, the increase in their tension is therefore not 
8o great, nor does it take place so rapidly, as in other cases in which the 
valvea of the aorta are incompetent. 

Further, a soft, faint sound is oecasionaliy detected over the femoral 
artery during the period of systolic expansion, in febrile diseases, and in 
anieniia and chlorosis (Weil), but only when the tension of the vessel in 
contraction is in some way lessened, so that the difference between the 
tension of contraction and that of expansion is greater than in health. 

It has Iwen stated above that sounds in the large arteries near the 
heart are to be considered as purely physiological phenomena, and that 
sounds in vessels at a distance from the heart and in all the smaller arte- 
ries have a decidedly pathological signihcation. There is another variety 
of arterial sound, however, produced artificially, by eompreasion, which is 
di^erent in nature from both of those just described, occupying a middle 
position between them. If an artery of somewhat large calibre be pressed 
upon with the finger or the edge of the trumpet -shaped extremity of the 
stethoscope, so as to close it completelij or almost conipletely, its expan- 
sion at the point of compression is accompanied by a sound, as the walls 
of the vessel, above the obstruction, are by this proceeding more forcibly 
stretched and rendered tense, with each cardiac pulsation, — exactly the 
conditions which are held to bo requisite to the phvsiological production 
of the first (systolic) sound in the great vessels, the aorta and pulmonary 
artery. If, on the other hand, the pressure made on the vessel be not suf- 
ficient to completely arrest the How of blood tlirough it a murmur is heard 
instead of a sound, as the blood-stream is thrown into the necessary whirl- 
ing or eddy-like commotion at the narrowed part of the artery. 

In all eases in which a sound, of pathological or artillcial origin, pre- 
sents itself in arteries remote from the heart, this sound is, with very rare 
exceptions, single and is associated with the expaimion of the vessel. 0. 
Wolff asserts that over arteries of medium size, such as the radial or 
ulnar, (in very emaciated subjects of middle age, and by being careful to 
exercise only a certain moderate amount of pressure with the stethoscope), 
three sounds may be recognized in each cardiac cycle, following very 
quickly on each other and corresponding with the phenomena of tricro- 

D as demonstrated by the sphygmograph; the first of these faeexpUina 
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s due to the expansion of tlie arteries, and the two others, occurring dor- 
■iir tlie period of contraction, as caused by the arterial recoil-waves. Mr 
irvations are not confirmatory of Wolfl's statements, thought 
repeatedly ejtainined, with this speoiai object in view, patients wbo«a 
tion was such as to be highly favorable to the practice of arterul 
' ■' —In certain cases of very marked insufficiency of the aortic 
rely one sound, connected with the expansion of the vessel, 
is audible over the femoral artery, but also a second sound, dependent on 
arterial contraction; the sound here, therefore, is double. Traube ae- 
1 for this second sound by the supposition that during the period 
of contraction the artery subsides suddenly from the state of extreme 
tension into which it was thrown in expansion, to a condition tn which 
its tension is very low (as the result of the rapid drahiing-away of tha 
blood in two opposite directions simultaneously, towards the heart ami 
peripherally into the capillaries], and that in so doing it emits a soooil 
ictty analogous to that yielded by any other tense inetobrane, such u 
a violin-string, when it is suddenly relaxed. There are cases, however, 
in which the second sound appears only some time after the relaxation of 
the arterial walls is completed; to these, accordingly, Traube's explana- 
tion is not applicable. — Bamberger's theory on this subject is that ihe 
md sound is caused by the returning blood-wave; when the volnm« 
and force of the latter are above the average, and the tension of tb« 
artery in this way increased, the result is a sound, but it the wave bo 
small and the arterial tension low a murmur is produced (see p. 233). 
This doctrine furnishes a ready explanation, as Bamberger points out, of 
the fact that the double sound is observed almost exclusively in the fem- 
oral artery, as this vessel, on account of the directness and great length 
of its course, is better adapted for the reception and propagation of tli< 
centripetal regurgitant wave than even large ' ' ■ ■ i •■ i — - 
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B from local causes in the large arteries (the carotid 
r may be transmitted to these vessels from the heart,« 
tihcially in all superficial arteries by simple pressilM 
Aiummrs ot Jocai origin and artiticial murmurs are invariably synchronow 
with the arterial pulse, i.e., with the expansion of the artery; transraittri 
murmurs, on the other hand, may be audible both in the period of expu- 
slon and in that of contraction of the artery. 

1. Murmurs in the carotid and subclavian are to be set down as of 
local development, when over the heart no trace of their existence cau be 
made out. Such murmurs, always exactly coincident in time with the 
pulse, not unfrequently occur even while the structure of the arteries is 
still perfectly normal. One condition, however, is essential to iheirexi*- 
tence, — increased action of the heart; when by this means the artury is 
widely dilated, and when this expansion ia eltected suddenly, a murmur 
is excited by the oscillation of the blood-wave as it enters the wideNcd 
part of the vessel. It is nevertheless conceivable that these are not 
merely "iluid-murmurs" but that they may also be owing to unequal 




A HAKDBOOK OF PHYSICAL DIAGNOSIS. 231 

tension of the arterial walls; thus, as it is undoubted that the expansion 
of the arterial wails by the pulse-wave (in the large arteries) occasions a 
sound, it appears not improbable that in certain circumstances, particu-^ 
larly when the action of the heart is accelerated and strengthened, that 
isy when^the arteries are more quickly and more forcibly dilated, a mur- 
mur may be generated instead of a sound. As a matter of fact it is fre- 
quently observed that pure and unmistakable sounds are transformed into 
indubitable murmurs when the action of the heart is increased in vigor. 
These local carotid and subclavian murmurs are also always attended by 
a more or less distinct and loud sound. And further, whilst the r.eally 
arterial murmurs, so long as the circulatory apparatus continues unaltered 
in structure, occur only periodically, — when the heart is stimulated to 
more energetic contraction, — they often persist for a comparatively 
lengthened period when the left ventricle is the seat of a considerable 
degree of hypertrophy, especially the hypertrophy which is consecutive 
to aortic insufficiency; here are presented circumstances most favorable 
for the formation of arterial murmurs, — dilatation of the arteries and ex- 
treme and rapid tension of their walls. 

In the branches of the carotid also, local arterial murmurs, synchro- 
nous with the heart's systole, are heard when these vessels undergo such 
morbid changes as cause them to become tortuous and dilated, and when 
the widened portions of the arteries are continuous with others the lumen 
of which is normal and which are therefore narrower. In small vessels 
which suddenly widen at certain parts of their course, and equally in large 
vessels which at poiiitf are abruptly reduced in calibre, an oscillation of 
the particles of blood ensues, a vortiginous motion is communicated to 
the blood-stream, and a murmur is produced. The arterial murmurs 
heard in the enlarged thyroid gland (and also in the carotid and subcla- 
vian) in exophthalmic goitre, are of this nature; they are to be distin- 
guished from the venous murmurs also observed in this kind of tumor 
(see p. 236) by being audible only with each systole of the heart, while 
those emanating from the veins are continuous. 

Murmurs set up locally in the subclavian and carotid arteries, coinci- 
dent with the cardiac systole, are also sometimes due to pathological 
changes (sclerosis) of the arterial walls, particularly when these are com- 
plicated by hypertrophy of the left ventricle of the heart, or, above all, 
by aneurism. The cause of the murmur in these cases as in the others, is 
the whirling commotion imparted to the blood-current at the diseased 
part. 

To the group of murmurs under consideration, those developed in the 
carotid or its ramifications, falls to be added the encephalic murmur, dis- 
covered by Fisher in 1833. It occurs in nearly one-half of all mammals 
(Steffen); it consists of a soft blowing murmur, which keeps time accu- 
rately with the heart's systole, and is heard most frequently over the 
great fontanelle and in its immediate vicinity (sometimes also at the small 
fontanelle) from the fourth month to the second year of life, or, in cer- 
tain affections in which the fontanelles remain open, even as late as the 
sixth year. It probably arises in the manifold windings and turnings of 
the arteries at the base of the cranium, and is conducted thence through 
the brain mass to the surface. With the cerebral murmur is often com- 
bined a cardiac-systolic carotid murmur (Jurasz). Brain-murmur is des- 
titute of any diagnostic importance; it is present in children both in 
health and disease. 

2. Murmurs in the carotid and subclavian arteries are also very fre-- 
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quently of more central origin, being propngcUed into these vessels from 
the orifice and initial portion of the aorta; murmurs from other parts of 
the heart never reach the vessels named, or if in exceptional cases they do 
they are of very feeble intensity. When such arterial murmurs coincide 
with the diastole of the heart the inference is unavoidable that they pro> 
ceed from the aortic orifice, as in the carotid and subclavian arteries the 
generation of a murmur of cardiac-diastolic rhythm is impossible, the ne- 
cessary physical conditions being there wanting. This explanation finds 
ample confirmation in the results of auscultation of the aortic orifice; the 
diastolic murmur caused by insu£Bciency of the aortic valves is observed 
to be loudest in this situation. But should the diastolic murmur be soft 
and faint in character at its starting-point it may not be recognizable 
even in the large arteries, in which case, of course, nothing whatever is 
heard in the carotid artery during the cardiac diastole. — Those carotid and 
subclavian murmurs also which are synchronous with the cardiac nyMok 
are very frequently of central origin, being directly propagated from the 
aortic orifice (when it is the seat of marked narrowing or is partially ob- 
structed by very rough growths, in cases of atheromatous deTOneratioa 
and of aneurism of the aorta), and this transmission of aortic systolie 
murmur takes place with nmch greater regularity than is the case with 
diastolic murmurs, the former being carried along with the blood-stream 
towards the periphery, the latter (which are caused by the regiirgitatioo 
of a quantity of blood from the aorta into the left ventricle) tending 
rather to pass backwards towards the heart. 

3. By exercising moderate pressure with thef stethoscope ctrtificui 
murmurs may be produced in the arteries, — ^the carotid, subclavian, fe- 
moral, and (rarely) the brachial. They give to the ear the impression of 
a short blowing murmur synchronous with the pulse, often of great in- 
tensity in the larger arteries, such as the carotid and subclavian. In aus- 
cultating the apices of the lungs pressure-murmurs of this kind are often 
heard; on relieving the pressure they disappear at once. Very slight 
pressure is enough to elicit them, especially when the velocity of the 
blood-current is increased as the result of excitement of the hearths action. 
The femoral artery also, on account of its proximity to the surface, is 
equally favorably placed with the carotid and subclavian for the develop- 
ment of pressure-murmur. As already explained, artificial murmurs owe 
their existence to disturbance of the blood-stream (oscillation of the par- 
ticles of the circulating fluid), inasmuch as the blood-wave passes from a 
relatively wide channel into one which, at the point of compression, is 
relatively narrow. 

A double murmur, one division of which is associated with the expan- 
sion of the artery and the other with its contraction, may, but only in 
persons suffering from positive disease, be generated by pressing upon 
and nearly closing the arteries. This double murmur is observed most 
often in the femoral artery, much more seldom in the axillar}', brachial, 
or popliteal. It was first noticed by Alvarenga da Costa, in insuflSciency 
of the aortic valves, and has been declared by Duroziez to be absolutely 
pathognomonic of that valvular region. It is true that the double arte- 
rial murmur is a very common and characteristic sign of aortic insuffi- 
ciency, occurring, in my experience, in at least one-third of the cases, but 
it does not appear exclusively in connection with this affection, being oc- 
casionally met with in various other morbid conditions, — a fact which Du- 
roziez himself has pointed out; thus, Friedreich detected it in chronic en- 
darteritis of the aorta and of the large arterial trunks, in aneurism of the 
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aorta, in hypertrophy of the left ventricle from contraction of the kid- 
neys, in typhoid fever, &o. The first murmur, that which is coincident 
with the pulse in the femoral, is, as above stated, caused by compression 
of the blood- wave as it travels towards the periphery ^ the second by com- 
pression of the backward wave which, in aortic insufficiency, returns to the 
heart. 



Venous Murmurs. 

Venous murmurs occur almost exclusively in the internal jugular vein; 
when very loud, also, but only then, thev may be audible in the intratho- 
racic venous trunks with which the jugulars communicate (the innominate 
veins and the superior cava), and now and then in the femoral veins. They 
are observed not unfrequently in perfectly healthy persons, but in them 
attain only a moderate degree of intensity; they are loudest in anaemic 
patients, especially in chlorotic females. 

On auscultating low down in the hollow between the two sternal por- 
tions of the sterno mastoid muscles, where the lower end of the internal 
jugular vein, a saccular dilatation known as the bulbus, is situated, a per- 
sistent continuous murmur is heard in anaemic subjects. This is some- 
times of a soft, blowing or humming character, at other times it is loud 
and hissing or roaring in quality, not unlike the noise made by the wind 
in the chimney or passing through a crevice, and in these latter cases is 
generally appreciable by the patient herself; occasionally it undergoes a 
peculiar musical modulation, conveying the impression of a singing mur- 
mur.* The resemblance which this murmur often bears to the sound of 
the well-known toy the humming-top, has led to its being designated the 
humming-top murmur, the bruit de diable of French authors. 

Venous are distinguished from arterial murmurs by not being specially 
connected either with the systole or the diastole of the heart; they are 
cofUinuous murmurs. Intermittent venous murmurs very seldom come 
under observation, and even then they are, as will be shown, very easily 
differentiated from arterial murmurs. 

That the humming-top murmur really arises in the cervical veins, and 
not, as was formerly believed, in the arteries of the neck, is proved by a 
number of facts which will be found set forth in detail below. Its venous 
origin can also be made plainly obvious by pressing firmly on the dilated 
lower end of the jugular vein (so as to close it) above the clavicle, when the 
murmur instantaneously disappears; compression of a carotid at a higher 
point, where venous murmurs are not heard, does not modify either its 
character or intensity. 

The bruit de diable is produced by the whirling, vertiginous move- 
ment of the blood in the jugular veins. The blood flows from the rela- 
tively narrow jugular vein into the relatively wide bulb (the part at which 
the vessel debouches into the innominate vein) and is thus caused to 
sweep in a somewhat spiral course round the walls of the chamber, so that 
the mode of origination of the venous hum may be regarded as strictly 
analogous to that of murmurs in the arteries (see p. 230). This dilata-^ 
tion at the lower end of the vessel remains permanently wider than the 

* Bv reanon of this singing character it was named by LaBunec, who fell into the error 
of CO ixideriug it an arterial murmar. the chant den arUreB, It was first traced to its 
trae soarce in the veins of tiie neok bj Dr. Ogier Ward, in 1837. 



234 A HANDBOOK OF PHYSICAL DIAGNOSIS. 

upper part of the yein, as its sides are held apart bj the tense cervicil 
fascia. 

The venous hum, though continuous, is not always of quite the same 
intensity; its variation depends chiefly on the presence or absence of such 
conditions as accelerate or retard the current of blood through the veini 
The quicker the venous circulation the louder the murmur, the slower the 
current the feebler the murmur. Venous murmurs are intensified in the 
following conditions. 

1. 1^1/ turning the head towards the apposite side. If the murmur be 
audible even while the patient holds the head erect and looks straight fo^ 
ward, the augmentation on turning is very striking; the examiner, accord- 
ingly, frequently avails himself of this device to render louder such mtt^ 
nmrs as are feeble and doubtful in character. The intensification of the 
bruit, so brought about, is due to the circumstance that on rotating the 
head the cervical fascia and muscles, especially the omohyoid, on the side 
under examination, are put on the stretch and the jugular vein is com- 
pressed and narrowed. The normal, physiological difference in the calibre 
of the upper part of the vein and its oulb (the latter being, as already in- 
dicated, attached on all sides, and so made incapable of undergoing my 
diminution in capacity) is thus rendered still greater, and the most fa▼o^ 
able conditions are established for giving to the blood-stream that spini 
direction which is requisite to the production of the venous murmur.— In 
the great majority of individuals this proceeding usually develops a faint 
murmur, sometimes even one of a ccjnsiderable degree of intensity, which 
is quite inaudible while the head is kept erect and not turned to one or 
other side. Such artificial murmurs must be carefully distinguished from 
those which are heard when the muscles and other structures on both sides 
are in an equal state of tension, and which are very seldom observed in 
the healthy subject. 

2. Ihj acceleration of the outflow of blood from the Jugrulars. 

The influence of this acceleration of the blood-current is seen in the 
facts that the venous murmur is louder while the patient sits or stands, 
than when the recumbent posture is adopted, and that augmentation of 
tiie murmur is noticed alSo in deep inspiration, and enfeeblement of the 
murmur in forced expiration; inspiration favors the efflux of the venous 
blood, expiration retards it. When respiration is suspended for a few 
seconds the pressure on the intrathoracic venous trunks is increased, and 
the escape of the blood from the jugular veins rendered slower and more 
difficult, the current through the vessels is almost arrested, the condition 
on which the wiiirling movement of the blood depends is thus practically 
removed, and the murmur consequently becomes feebler, and under ce^ 
tain circumstances is nearly abolished. 

The elTect produced by placing the patient on his back, by forced ex- 
piration or by suspension of the breathing, is obtained more rapidly and 
perhaps ii a more striking form by exercising pressure on the dilated lower 
end of the jugular vein, as above the point of compression the vessel be- 
comes engorged with blood, and distended to such a degree that circula- 
tion through it ceases. In the same way, by pressing on the vein with 
the stethoscope, alternately firmly and gently, the hum may be augmented 
or diminished in intensity at pleasure; it is therefore above all necessary 
to the detection of the less marked venous murmurs to bear as lightly as 
possible on the vessel. 

The bruit de diable in the right jugular is very much lotider than that 
in the left, and from two causes: in the first place, the dilatation at the 
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central end of the vessel is greater on the right than on the left side, and 
is accordingly more favorable to the production of the eddy-like commo* 
tion of the blood- stream ; secondly, the blood Hows out of the right jugu- 
lar vein faster than out of the left, as the former opens into the right in- 
nominate vein in almost a direct line, while the latter, in joining the left 
innominate vein, forms with it an appreciable angle; and further, the 
somewhat wider right innominate vein also passes in a direct line into the 
vena cava superior, while the left innominate crosses from the left to the 
right side to debouch into the same venous trunk. The venous murmur 
IB therefore often heard on the right side as far down as the level of the 
first rib, in the region corresponding to the innominate vein; at the sym- 
metrical spot on the opposite side, however, it is no longer audible.— Oc- 
oasionally, nevertheless, the murmur on the left side is as loud as, or even 
louder than, that on the right, though why it should in these cases be of 
such unusual intensity is not generally very obvious. 

3. 27ie movemeyits of the heart affect the intensity of the venous hum 
to a much less marked degree than the conditions already mentioned. — In 
accordance with the laws of physiology it is to be expected that the mur- 
mur should be weaker during the systole of the heart, as the outflow of 
blood from the jugulars into the intrathoracic veins is then to some ex- 
tent impeded, and louder during its diastole, as the current of blood is fav- 
ored at this period of the cardiac cycle. This diastolic intensification of 
the murmur is in fact generally observed when the diastole does not hap- 
pen to coincide with an expiration, which would tend to neutralize its in- 
fluence; the systolic decrease in the loudness of the murmur, on the other 
band, is not so often demonstrable. There is, nevertheless, generally no- 
ticed during the systole an apparent augmentation of the murmur, the 
latter being reinforced by the sound of the carotid pulse. On eliminating 
and leaving out of consideration the sensory impression raised by the ar- 
terial pulse, and concentrating the attention solely on the venous hum, it 
will be found that the bruit is not really intensified during the cardiac 
systole. 

It follows from the description just given of the continuous venous 
murmurs that they show a constant variation in intensity, a variation, 
however, which is characterized by no definite rhythm, as the factors 
which exercise most influence on the circulation through the jugular 
veins (the respiratory and cardiac movements) do not always work to- 
gether, but, being only occasionally coincident, are at one time favorable, 
at another antagonistic to each other in their operation. 

Continuous venous murmurs of a certain degree of intensity are also 
almost always perceptible to the finger placed on the skin above the clav- 
icle, as a distinct thrill {/remissement of the jugular veins). This vibra- 
tion is not constant as regards intensity, but is often interrupted by nu- 
merous short pauses, only the more energetic of the movements of the 
blood-stream in the veins being then felt. 

Intermittent venous murmur is of rarer occurrence than the contin- 
uous murmurs which have been described. It has the same blowing char- 
acter, but is very much feebler. It appears when the velocity of the 
current through the jugular veins is increased, (when, therefore, one of 
the conditions favorable to the generation of a murmur is present), that 
iSy during inspiration or during the cardiac diastole. When inspiration 
and diastole occur together the murmur becomes still louder, but when 
the diastole coincides with expiration the accelerating influence of the 
former on the venous circulation is counteracted by the retarding influence 
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of the latter, and consequently no murmur may be heard. A diastofic 
yenous murmur, therefore, often disappears on suspending respiration. 
This serves to distinguish it from a cardiac-diastolic carotid murmur^ as 
the latter continues unabated in intensity even when the patient holds 
his breath; the venous murmur, moreover, has not the well-defined 
rhythm of the carotid murmur, — it does not keep time solely and invui- 
abiy with the cardiac diastole, its appearance being also in a large meas- 
ure determined by inspiration; and finally, it is audible only over the 
yeins and not over the heart, while the carotid murmur, synchronous with 
the cardiac diastole, is never simply of local arterial origin, but arises at 
the aortic orifice and is propagated peripherally from that point. Dias- 
tolic venous murmurs are further frequently accompanied by cardiac ]na^ 
murs, but the latter are without exception systolic. 

\iurmurs in the jugular vein have a pathological significance oolj 
when they are loud and continuous, the stethoscope being placed lightlj 
on the vessel, and the patient's head held erect and turned neither to 
the one side nor the other. Such murmurs may indeed sometimes be de* 
tected in persons in perfect health, but (so far as I have been able to ob- 
serve) only in a very small number of instances as compared with the 
frequency with which they are noticed in those sufiPering from chlorosis 
and other anaemic affections. Murmurs of the highest degree of intensity, 
associated with marked fremissement of the jugular veins, occur only in 
anaemia, never in health. It is therefore plain that in anaemic conditions 
some other element is added the effect of which is to increase the inten- 
sity of the murmur, and the conclusion is almost unavoidable that this is 
to be sought chiefly in the diminution of the quantity of blood in circu- 
lation, the streams through the jugulars being thus reduced in volume 
and so caused to sweep more forcibly round the walls of the vessel.. 

Weil holds that the venous murmur is not to be interpreted as a path- 
ological sijrn, as he has been unable to discover it more frequently in anae- 
mic subjects than in healthy persons of the same age. This is certainly 
not in harmony with my experience. I have examined many hundreds 
of individuals for venous murmurs and have found that, as stated above, 
they are much more common, and of vastly greater intensity, in the ana- 
niic than in those who are strong and well-nourished. 

In some rare cases of chlorosis and anaemia the femoral veifis become 
the seat of a venous murmur, which is markedly augmented on elevating 
the limb and so increasing the velocity of the venous current. — Cough- 
in^", also, or the contraction of the abdominal muscles, may give rise to a 
short, sharp, whizzing murmur, perceptible to the finger, in the femoral 
vein below Poupart's ligament. This murmur is caused either by insuf- 
ficiency of the valves of the femoral vein, or, when these structures are 
wanting, by the backward rushing of a centrifugal wave of blood through 
the vessel. I have on several occasions observed a well-marked murmur, 
determined by violent coughing, in large varicose dilatations of the femo- 
ral vein at a point lower than Poupart's ligament. 

Over other superficial venous plexuses very loud murmurs are some- 
times heard, — as over the enlarged thyroid gland in exophthalmic goitre. 
Here they originate partly in the dilated arteries, partly in the veins, 
their continuous character being derived from the latter source; they de- 
pend on the formation of large and irregular dilatations in the course of 
the veins, whereby the eddying movement previously described is given 
to the sanguineous current. My experience leads me to support strongly 
the opinion that in the ordinary form of endemic goitre, no matter how 
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large the tumor, murmurs of this kind do not occur, as in this affection 
the enlargement of the gland is due simply to hyperplastic development 
of the normal glandular substance and not to widening of the vessels. I 
consider the presence of such a murmur in the goitrous swelling a most 
important diagnostic symptom in doubtful cases of Graves' (Basedow's) 
disease, that is, in those in which there is only the tumor of the thyroid 
and palpitation of the heart, but no exophthalmos, to act as guides to 
their true nature. 

Systolic murmurs in the jugular veins, produced by the movements of 
the heart, are occasionally, though seldom, met with; they come into ex- 
istence only when there is at the same time a distinct venous pulse from 
insufficiency of the tricuspid valves. This murmur is developed partly at 
the insufficient jugular valves, but in part also consists of the transmitted 
murmur due to the tricuspid insufficiency. 



Cardio-Pulmonary Murmurs. 

There is a group of murmurs of considerable rarity, which are depend- 
ent, not on cardiac disease of any kind, but on structural changes in the 
substance of the lung, and which are excited by the ordinary movements 
of the heart. These are known as cardio-pulmonary murmurs. They 
are most commonly systolic, but may also be diastolic as well as systolic, 
that is to say, they may encroach a little on the diastole; they are, never- 
theless, always louder in the systole. 

In this category are included the following murmurs : 

1. The blowing or sipping (schlilrfenden) murmur heard, simultane- 
ously with the cardiac systole, in large thin- walled pulmonary excavations 
situated in those parts of the lung adjoining the heart. The manner in 
which this murmur originates is obvious: the shock caused by the move- 
ments of the heart is propagated through the walls of the adjacent cavity 
to the column of air it contains, and a certain quantity of the air thus 
thrown into commotion is driven out through the bronchus with which 
the cavitv communicates. Such a murmur therefore arises from substan- 
tially the same physical causes as the bruit de pot fel6. — During the car- 
diac diastole the air is readmitted into the cavity, its return, however, 
being attended by a murmur of but very feeble intensity. The effect of 
suspension of the respiration on pneumo-cardiac murmurs is very variable; 
they are sometimes decidedly weakened, occasionally almost abolished, 
and at other times in no way perceptibly affected. 

2. Certain systolic murmurs which, are sometimes heard in the pulmo- 
nary artery when the upper part of the left lung is to some degree con- 
tracted and consolidated as the result of chronic pneumonic infiltration. 
The shrunken tissue in such cases grasps and compresses the main trunk 
or one of the larger branches of the pulmonary artery, so that the passage 
of the blood through the constricted part of the vessel gives rise to a sys- 
tolic murmur. In certain circumstances also a diastolic murmur may be 
produced in connection with regurgitation of blood taking place in the 
period of contraction of the same artery. — These pulmonary murmurs ara 
occasionally limited in distribution to a small area in the second left inter- 
costal space, when they may also be associated with an appreciable thrill, 
or they may be audible over a considerable portion of the upper segment 
of the thorax. 

Immermann has put on record a case of this kind, in which both prin- 
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cipal divisions of the pulmonary artery and their primary subdiyisioni 
were constricted by cicatricial contraction of the lung'-tissue; during life 
a systolic pulmonary murmur was heard over the whole upper part of the 
lung, both in front and behind. Similar cases have been described by 
Bettelheim, Heller, Aufrecht, and others. 

Quincke has drawn attention to two other special causes of systolic 
pulmonary murmur: 1, an absence of due proportion between the calibre 
of the pulmonary artery and that of its oonus arteriosus; 2, flattening ol 
the pulmonary artery by pressure, when it comes into abnormally ck>ie 
relation to the chest-wall. That the first of these conditions is rndly an 
effjcient cause of such murmurs has been shown by the result of at leait 
one post-mortem examination; the necessary vortiginous movement il 
communicated to the blood as it passes from the relatively narrow conus 
arteriosus into the relatively wide artery beyond. In the second class of 
cases the margin of the left lung is retracted, the base of the heart is no 
longer covered in by pulmonary tissue, and the pulmonarj'' artery comei 
forward into direct contact with the front wall of the chest; as the antero- 
posterior diameter of the heart is increased at each systole the puhnonaxj 
artery is at the same time thrust against the framework of the thorax and 
flattened, whilst the conus arteriosus suffers no such change in shape when 
the heart contracts; the spiral direction is thus given to the blood-current, 
and a murmur is the result. 

3. There are other systolic murmurs observed at various parts of the 
thorax, which cannot be traced to the main trunk of the pulmonary 
artery, as in the region of the pulmonary orifice both sounds are clear and 
pure, but which seem rather to take their rise in the larger subdivisions 
of the vessel, when these are the seat of a certain amount of dilatation. 

Bartels has reported several cases of phthisis in which a murmur of 
this nature was audible, not on the diseased side of the chest, but over a ' 
large portion of the sound lung, while the heart-sounds were at all points 
absolutely normal. It arose presumably in dilated branches of the pul- 
monary artery, was intensified by expiration, and possessed generally all 
the distinctive characters of a genuine arterial murmur. Over pulmonary 
excavations, also, systolic murmurs have been heard, which prove to be 
due to the fact that the cavities were traversed by a branch of the pul- 
monary artery isolated by the breaking down of the lung-tissue (SchrOt- 
ter, &c.). 

In the subclavian artery, immediately under the clavicle, short blow- 
ing murmurs are sometimes observed, synchronous with the cardiac sys- 
tole, and this notwithstanding that the circulatory apparatus may be in 
all respects intact and that every care is taken to press as lightly as pos- 
sible with the stethoscope. They are in no way connected with those 
subclavian murmurs which accompany murmur in the carotid (see p. 230, 
et seq.), but are confined strictly to the parts n]entioned; they are further 
distinguished from the group of murmurs described on the pages just re- 
ferred to, by being audible in only one subclavian artery, not in both. 
They are by no means common, but occur most frequently in cases of 
chronic pneumonic induration of the apex of the lung. When inspira- 
tion and the systole of the heart coincide with each other these murmurs 
are usually rendered much louder. Their mode of origination is probably 
essentially the same as that of the systolic pulmonary murmur, that is, 
they may be attributable to compression of the subclavian artery by con- 
tracting lung-tissue, or perhaps to dragging on the arterial wall, and con- 
sequent diminution of the calibre of the vessel^ by adhesions which may 
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have been formed either between the costal and visceral hiyers of the 
pleura near the apex of the lung, or between the outer surface of the 
pleural sac and the artery (Friedreich). 

According to many English authors (Fuller, Palmer, Richardson and 
Jthers) the subclavian murmur is a phenomenon of not unfrequent occur- 
rence; possibly, however, they have reckoned as belongin&r to this class 
some of the above-described murmurs which are not properly speaking to 
be regarded as subclavian, that is, those which are not limited strictly to 
the subclavian artery of one side. The true subclavian murmur has been 
found by Weil only six times in 600 cases, and I, though for several years 
I have watched specially for this sign, have recognized it in only three 
cases (of phthisis); it was always capable of beins* greatly intensified by 
pressure with the stethoscope. — It is now known also not to be invariably 
connected with disease of the apices of the lungs, being occasionally 
heard when the whole respiratory apparatus is perfectly sound* 



EXAMINATION OF THE ABDOMINAL ORGAN& 

Inspection of ths Abdomen. 

Diseases of the abdominal organs are generally recogfnizable by sin- 
pie inspection only when they occasion some evident cbange in the vol- 
ume and shape of the abdominal cavity. As this alteration in size takes 
place in but a few of the many abdominal diseases, and in these oolj 
under special conditions, inspection is divested of much of its importance 
as a method of investigation when applied to the examination of the 
parts within the abdomen. To ensure accuracy also the signs which it 
elicits should, as a rule, be checked by palpation. 

The most common change observed in the size of the abdominal cavitj 
is enlargement. 

When this is slight the determination of its actual existence is not 
always an easy matter. The normal dimensions of the abdomen Tsiy 
within very wide limits. In those whose customary diet is more of i 
vegetable than an animal nature, in those who habitually eat to excess 
in drinkers, and sometimes also in individuals who are in all respects 
strictly temperate, distention of the bowel and undue development of 
fat may, as our daily experience teaches, combine to produce a degree of 
prominence such as is seen in other cases only as the result of considers- 
ble ascites or decided increase in the bulk of some of the abdominal o^ 
gans. Nevertheless, the presence of pathological increase even of a less 
marked character is also usually indicated by other easily appreciated 
signs. Thus, the morbid processes which give rise to swelling of the 
abdomen modify also the whole aspect of the patient ; they lead to more 
or less eniaoiation and to changes in the color of the skin (often to pallor 
of the surface, or to a cyanotic or yellow, jaundiced hue, according to tlie 
precise nature of the original disorder). In such cases the contrast be- 
tween the bulky abdomen and the lean chest and body generally, becomes 
very striking. Not unfrequently pathological enlargement of the abdo- 
men is accompanied by other anomalies which owe their existence to the 
same causes ; of these may be mentioned distention of the super6cial 
abdominal veins, oedema of the inferior extremities, &c. 

Bulging of the abdomen may be partial or general. Partial enlarge- 
ments are most commonly due to increase in size of certain of the subja- 
cent organs, — the liver, spleen, uterus, ovaries. Undue prominence on 
the right side is usually connected with the liveVy the exact form and out- 
line of which can often be easily made out, when the integumentary cot- 
erings are thin and flaccid, and more especially when the parts are viewed 
from the side, in profile. But hepatic tumor may assume such enormous 
proportions, as in many cases of carcinoma, hydatid cyst, and amyloid 
degeneration, that the projection which it makes on the surface is no 
longer merely local or partial, but may involve the greater part of the 
abdominal wall. 
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Very marked hypertrophy of the spleen (from leukjemia, amyloid de- 
generation, intermittent fever, &c.) elevates the tissues on the left side, 
and on lateral inspection the anterior inner border of the organ may fre- 
quently be traced ; occasionally the splenic enlargement dependent on 
leuktcmia is of such a size as to occupy almost the whole of the abdominal 
cavity, and to raise its walls nearly equally at all points. 

Dilatation of the stomach gives rise to a uniform, somewhat oval- 
shaped swelling in the epigastric region, passing a little towards the left, 
under the ribs and so beyond the superficial boundary of the abdomen ; 
if the dilatation be excessive, as in a cose which I witnessed, the tume- 
faction may be general, the whole abdomen being rendered tensely promi- 
nent. If the distention, however, be not caused by air, but by some other 
medium, there may be no appearance of unusual projection of the parts 
mentioned. Occasionally in a stomach so affected peristaltic movements, 
spontaneous or of reflen character (excited by rubbing the epigastrium 
briskly with the hand), are seen travelling from left to right, towards the 
pylorus ; by following these movements closely a truer conception of the 
dimensions and shape of the organ may generally be formed than is pos- 
sible even by palpation and percussion, — in some cases indeed its outline 
becomes in this way so distinctly visible that it may almost be mappeil 
out on the skin. — Cancer of the stomach, which affects most frequently 
the pyloric end, manifests itself externally, when the tumor is moderately 
large, as a circumscribed elevation in the epigastrium ; it must be borne 
in mind that a similar protrusion is caused by cancer of the left lobe of 
the iiver. 

Diseases of the intestine yield very few diagnostic data to inspection ; 
large f^cal accumulation in the colon, when it produces any very consid- 
erable degree of distention of the bowel, forms an elongated and often 
movable tumor in the right or left iliao region. 

Id persons of spare habit it is often possible, by simple friction of the 
irface, to excite or intensify the peristaltic movements of the 
I so to bring them clearly into view. When the intestinal 
iwed by a stricture peristaltic movements are seen only in that 
which is above the contracted part, if it he tensely swollen 
and apparently loaded by a stagnant accumulation of intestinal contents, 
and not in the part beyond the obstruction. 

Tumors of the omentum (carcinomatous, hydatid, &c.) sometimes at- 
tain to enormous dimensions, but are seldom so limited as to involve that 
etructore alone ; they are generally complicated by the presence of simi- 
lar morbid changes in the liver and other solid organs, or they contract 
adhesions with these organs, the result of which is that the projection of 
the abdomen is not confined to the anatomical area representing the 
omentum. 

Tumors of the uterus, physiological (pregnancy) and pathological 
(fibromyoma, &c.), so long as they are not of unusual size, keep generally 
to the middle hne of the abdomen. 

Tumors of the right or left ovary first make their appearance low 
down in the abdomen, in the region corresponding to the anatomical site 
of the organs, to one or other side of the median line. Subsequently, 
when they become of considerable magnitude, they may present a swell- 
ing, moderately uniform both in outline and surface, of the whole lower 
and upper segments of the abdomen, so that by mere inspection it is 
often impossible, and even with the aid of palpation it remains difScult, 
to determine whether they have sprung originally from the right or left 
16 
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ovary. As a rule the ovarian tumor is movable ; when the patient there- 
fore turns to one side it seeks the more dependent parts of the abdominal 
cavity, and there renders the integument still more tense than before. 

Among diseases of the kidneys, canoer, and hydronephrosis form at 
first smooth or irregular swellings in the lumbar region, which afterwards, 
on developing still further, extend to the front of the abdomen in tbe 
right or left hypochondrium, or even to parts more remote. A dislocated 
(movable) kidney is occasionally, though rarely, appreciable by inspe^ 
tion, when it is seen as a flattened, roundish elevation of the tissues.— 
The bladder, when distended with urine, projects in the median line of 
the abdomen, making there an oval-shaped tumor reaching upwards to i 
variable point according to the quantity of urine retained. 

In the foregoing paragraphs have been discussed only the more com- 
mon of the diseases of the abdominal organs which give rise to partial, 
localized swellings recognizable by inspection. A fuller consideration of 
all those abdominal affections which at times present similar signs would 
lead us into the domain of descriptive, systematic medicine, which is be- 
yond the scope of this work. Suffice it therefore to direct attention geo- 
erally to the large, encysted peritoneal exudations, to the various nev 
formations in the different organs and tissues of the abdomen, to tbe 
cysts, extravasations of blood, abscesses, hernise, &c., which sometimes at 
one part, at other times at another, reveal their presence externally as 
visible tumors, and whose true nature and connection with the several 
organs can be satisfactorily demonstrated only by means of palpation, 
percussion, and above all by the closest scrutiny of the general health 
and of the history of the origin and course of the disease, — but which, 
even after prolonged and careful observation, frequently remain wrapped 
in an obscurity which the most skilful examiner fails to penetrate. 

Uniform, general intumescence of the abdomen, apart from the some- 
what rare cases of great enlargement of certain of the abdominal organs 
(mentioned above), is produced most commonlv by the presence of some 
abnormal material in the peritoneal sac (usually fluid, more seldom gas) 
or by distention of the bowel by gas (raeteorism). 

When the peritoneum contains fluid, a condition which is named 
ascites, the smooth, uniform tumefaction of the abdomen undergoes some 
striking modifications on changing the position of the patient : when be 
lies on one side the prominence lessens or disappears in the uppermost 
flank, but becomes more marked in the parts which are undermost ; in 
the upright position the bulging is most obvious in the lower half of the 
abdomen, and when decubitus is dorsal the swelling projects less forward 
and gains in breadth. All these alterations depend on the movements of 
the fluid, which invariably seeks the lowest level in the abdominal cav- 
ity. — Only when the quanity of fluid is excessive, when accordin<rly the 
abdominal parietes are at all points in a state of extreme tension, is there 
no variation in shape noticeable on changing the patient's attitude. — In 
cases of intestinal meteorism, and when the peritoneal sac is filled with 
gas, the uniform enlargement of the abdomen is unaffected by the pos- 
ture of the patient ; this therefore is a point by which these conditions 
may be distinguished from ascites. 

In cases of very abundant peritoneal effusion the skin over the abdo- 
men exhibits a shining, anaemic, whitish blue coloration, and at those 
parts where the stretching of the integuments is greatest are seen white 
lines, such as those which occur in pregnancy, due to the separation of 
the tissue elements of the corium. 



▲ HAin>BOOK OV FHYSIOAL DIAGNOSIS. 243 

In the umbilical region, and radiating from it both upwards and down- 
wards, blue-colored venous plexuses are often observed, which belong to 
the widely-dilated epigastric and mammary veins. The widening of these 
vessels is always a sign of engorgement of the portal vein and of the 
whole portal system, and an indication that on account of this venous 
stasis a portion of the blood which should pass through the liver finds 
its way by collateral branches into the superficial abdominal veins. This 
sign is associated chiefly with cirrhosis of the liver, being caused by the 
compression of the ramincations of the portal vein which takes place in that 
affection. Should there also be any obstacle to the return of the blood 
through the vena cava inferior, as from obliteration, compression by 
tumors, all the superficial abdominal veins, and still more those of the 
lower extremities, are increased in calibre ; cedema is then also generally 
present. 

Diminution in volume (depression) of the abdomen usually affects 
equally the whole of the abdominal cavity; it is not peculiar to any one 
disease of the organs, but is ordinarily to be regarded merely as one of 
the concomitant signs of the general emaciation which attends the various 
consumptive disorders. It is also observed when the bowel is almost or 
entirely empty, as from stricture of the CBsophagus, cancer of the 
pylorus, stenosis of the upper part of the intestinal canal. Emaciation 
from these causes is commonly accompanied, particularly in children, by 
other phenomena which are equally characteristic of a lowered state of 
nutrition of the skin, such as loss of elasticity and free desquamation 
(pityriasis). 

In the basilar meningitis of children a boat -shaped depression of the 
surface of the abdomen is generally seen, caused by the contraction of the 
muscular coat of the intestines, from irritation of the nervous centres 
which govern the movements of the bowels. 

Not un frequently the examiner may obtain important information by 
noticing the movements which are communicated to the contents of the 
abdomen by the act of respiration and the action of the heart. Thus, large 
tumors of the liver and spleen sink into the abdominal cavity in inspira- 
tion and rise in expiration; in the case of the liver, indeed, the whole of its 
sharp lower border may be distinctly discernible during respiration. The 
movement given to the diaphragm by the action of the heart is frequently 
manifest to the eye when there is a large free effusion in the peritoneal 
sac, the impulse passing onward through the fluid, and making itself 
visible as a superficial wave which appears and disappears with great 
rapidity. 



PALPATION OF THE ABDOMEN. 



This is a method of examination of the first importance in the inveski- 
ffation of the abdominal diseases. It enables us to determine the siie, 
torra, consistence, and situation of the various organs, and discloses tbe 
existence of tenderness to superficial or deep pressure, the presence of 
any abnormal body or substance in the abdominal cavity, &c. The in- 
formation so gained, it is true, is only of a general character, it reveals 
simply the physical condition of the parts and not the exact nature of 
the diseases by which they may be affected; but it constitutes the ground- 
work on which the further diagnosis rests, a more complete or particultr 
understanding of the case in hand being possible only on taking into con- 
sideration the other symptoms presented by the patient. 

In another class of cases, especially of abdominal tumor, diagnosis i> 
rendered exceedingly difficult or becomes at best a matter of some anoe^ 
taintv, when the organ from which the tumor springs undei^goes alten- 
tion m form or anatomical situation, or when the starting point of tbe 
growth can no longer be positively made out. In many other diseases 
also, which give rise merely to physiological, functional disturbance, but 
to no deformity, displacement, or change in the dimensions of the organs, 
palpation yields no indication of any value from a diagnostic point of 
view. 

Palpation is most conveniently practised when the patient is laid on 
his back or, occasionally, on one or other side ; if the tension of the ab- 
dominal walls prove a serious obstacle to its proper performance tbe 
thighs should be flexed on the body, though even this expedient is not 
always successful in accomplishing the object intended. The great diffi- 
culty to be overcome, apart from that presented by the varying thickness 
of the subcutaneous layer of fat, is the tension of the abdominal muscles, 
particularly of the recti. The examiner should be familiar with the gen- 
eral anatomical relations of these muscles, the manner and direction in 
which their fibres are disposed, and the resistance they offer when grasped 
between the fingers, to guard him from error when dealing with disease- 
Palpation is easiest in emaciated individuals and in women who bsTC 
borne several children. 

When the abdominal organs are in their normal condition the hands 
meets with no unusual resistance when applied to the surface ; all parts 
of the abdomen give a uniform feeling of softness, except those corre- 
sponding to the recti muscles, and the epigastrium (from the presence of 
the left lobe of the liver), where a slightly greater degree of resistance is 
encountered. By pressing deeply in the middle line the pulse of the ab- 
dominal aorta is felt, and frequently also the vessel itself, and close to it 
the vertebral column ; even the coils of the intestine may be distinguisbed 
when the abdominal coverings are sufficiently lax. 
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PlXTATION OF THB LtVBB. 

In men tha presence ot the liver under the margins of the ribs, when 
the organ is of its natural size, is indicated merely by an increase in the 
resistance to pressure in deep inspiration ; it ia only when the abdominal 
parietes are unusually thin and flaccid that its edge is detected with the 
naad. In women, especially such as have bean several times pregnant, 
tha softness and looseness of the superficial tissues facilitate the explora- 
tioD of the parts beneath the arch of the ribs and permit the more ready 
appreciation of the inspiratory descent of the border of the liver. 

The extent to which an enlarged liver is accessible to palpation de- 
pends on the dis^ace to which it projects beyond the margin of the riba 
into the abdominal cavity, occasionally only its sharp edge, at other 
times a considerable portioa 



of its surface, coming within 
reach of the finger. In ex- 
treme cases of enlargement 
the liver may fill up a large 
part,80metimeseven the whole 
ot the abdomen. Tha greatest 
amount of swelling of the or- 
gan is observed in carcinoma- 
tous degeneration, theincreaaa 
in size being usually slightly 
less in amyloid degeneration 
and hydatid cystic disease ; 
the less marked degrees of 
enlargement occur in cases of 
retention of bile, passive con- 
gestion (as that due to mitral 
.tesion), fatty infiltration and 
parenchymatous hepatitis. — 
The palpation of an enlarged 
liver, both of its borders and 
surface, presents little diflicul- 
ty, as the whole extent to 
which the organ is increased 
in volume is readily detected, ^___ «_,„, .„,ul™ 
provided there be no unusual 6-id, buh. r. PadUooot Oa 
tension of the abdomen, such ^tio^'^'^^^^l^'"ii^°r'^^ 
as often results from ascites. — Pnutioo of tbe dtopii»gm_« ih« wt 
Palpation further determines BdgnotUTeTindrrniH 
the presence or absence of sen- »'"'"- .,''"■ ^'"'llrS. '^VI-f^^JiiTJ'^?^ "^ 
flibiiity or pain in the liver, 

the consistence of the organ, and the condition of its surface and edges. 
Pressure ou the surface of the liver may be painful or painless. A 
certain amount of pain to pressure is frequently associated with the 
swelling arising from retention of bile (in duodenal catarrh, &c) and with 
all inflammatory conditions, though it is most characteristic and most se* 
vera in malignant disease. According as the cancerous nodules are scat- 
tered on the surface of the liver or are situated more deeply in its texture, 
the pain is elicited by applying the hand lightly or with firmness and 
force; it occurs spontaneously also, and is almost constant throughout 
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the whole course of the disease. — Spontaneous paroxysmal pain of ex- 
treme severity is felt in the upper abdominal re^on in cholelithiasis. 

Hepatic pain originating spontaneously and aggravated by pressure, 
is always a valuable indication of liver-disease in general^ and is of ser- 
vice also in distinguishing between painful and painless affections 
Fatty liver, amyloid liver, and hepatic hydatid growths are painiess to 
palpation. 

The surface of the enlarged liver may be perfectly smooth or rough 
and nodulated, the irregularities by which it is marked consisting either 
of slight elevations alternated with shallow depressions, or of tumon 
varying in size from the bulk of a pea to that of the closed fist. — The 
surface of the liver is smooth in all acute and chronic enlargements con- 
nected with hyperaemia, biliary engorgement, and fatty .and amyloid de- 
generation ; it is irregular when the organ contracts in the later stages of 
cirrhosis (granular atrophy) and in interstitial gummous hepatitis; noda- 
lation, — the presence of small rounded elevations or tumors, — ^is charac- 
teristic of carcinoma, and occasionally also of hydatid disease. 

If the hepatic cancer be of the diffuse variety, cancerous infiltration, 
the surface of the liver is free of such nodular excrescences. 

In cases of hydatid disease there are often felt on the surface of the 
liver several smooth projections of moderate size, which offer only slight 
resistance to the finger; but till the stage of the disease arrives at which 
the surface of the organ is distinctly bulged outwards by the vesicles the 
diagnosis amounts merely to a probability, and depends on the carefal 
exclusion of all other causes of hepatic enlargement. 

The enlarged liver is of a variable degree of consistence. 

In acute swellings, such as arise from inflammation or retention of 
bile, the organ is slightly softer to the touch than the chronic enlarge- 
ments and degenerations. Among the chronic degenerations (leaving 
out of consideration the cirrhotic liver, which is the hardest of all, but 
which need not be noticed here, as it contracts to less than its normal 
size and is therefore not reachable by palpation) the amyloid liver is the 
most dense, the fatty liver being somewhat less firm. When the distinc- 
tion between these two conditions is not otherwise clear the consistence 
as revealed by palpation may be taken as a diagnostic criterion. 

Uniform enlargement of the liver causes no alteration in the general 
form of the organ; but when the tumefaction is confined chiefly to the 
right lobe, or more rarely to the left, the most diverse chanses in shape 
are met with. These affect the whole mass of the liver as well as its bor- 
der, though the latter alo7ie may be the seat of the greatest change, the 
rest of the organ not being involved, as, for instance, in cases in which 
echinococcus-vesicles develop in the margin of the liver. These hvdatid 
growths and cancer (sometimes also syphilis) produce, on the whole, the 
greatest degree of deformity of the liver, the other hepatic diseases being 
generally attended by uniform enlargement of the orc-an in all its diame- 
ters. — Whilst the breadth of the hypertrophied liver is usually easily and 
accurately determinable by palpation, and its breadth by percussion, only 
an approximate estimate of its thickness can be formed if that estimate 
be based simply on the amount of abdominal enlargement present; the 
thickness of its lower part is more easily ascertained, particularly when a 
portion of its concave under surface can be felt through the flaccid ab- 
dominal walls. 

A peculiar sensation, known as " hepatic fremitus " was described by 
Brianpon, and some time after him by Piorry, as characteristic of the 
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presence of eclimococci in the liver. They state that when a short sharp 
stroke la delivered with the tiiif^r on the echinoooccus-tumor, which must 
have extended quite to the surface of the liver, a tremulous sensation ia 
felt in the liii^r-tips of the other hand placed on the skin close to the 
part percussed. That under favoring conditions, i.e., over a hydatid 
tumor of large sixe, forming a marked prominence on the anterior surface 
of the liver, such a phenomenon may be observed is undoubtedly true. 



but it is also certain that in the vast majority of ci 
of the assertions made by autfaors regarding the 
must be set down to self-deception; ilsoolnpllraIi^ 
Finsen's statement that he bad not once detected it in ZHo oasei 
nococoua-hver that had come under his notice.* It is moreover 
that this sensation, which boars a very close resemblance to fli 
is not peculiar to hydatid cysts; it is felt over ovarian cysts am 
of ascites, and even in parts containing no trace of fluid, — as w 
is a large deposit of fat under the soft lax skin of llie abdomen. 



it is absent. Many 

if this sign 
rarity is evident from 






Ther 

hepatic 



tieed the 
laes which reach the 
1 our northern climate, 
fact that the liver oa 
ways to be taki 



of fluctuation, yielded by large 
or surface of the. liver, — affeo- 
ire exceedingly rare. 
be felt projecting from under the 
idication that it is enlarged; 



The 
ribs, ia n _ _ . 

men who lace lightly it may be pressed downwards till its edge protrudea 
3j — 5 otm. beyond the margin of the ribs, or in aggravated cases de- 
scends almost as far as the umbilicus. Downward displacement of the 
liver also occurs when the diapliragra is depressed by pulmonary emphy- 
sema, right pleural effusion or pneumothorax. In certain rather rare 
oases it sinks in the cavity of the abdomen from relaxation of its suspen- 
sory ligament; when this relaxation, which may be caused by some in- 
trinsic affection of the ligaments themselves, becomes excessive, and when 
to this is added other elements (such as severe labor) which tend to ag- 
gravate the original defect, the liver may hang downwards even as far aa 
the anterior superior iliac spine. This is described as movable or wan- 
dering liver; only nine cases of this kind have hitherto been recorded. 

The differentiation of enlarged from displaced liver is eSected by de- 
termining the upper border of tne organ by means of percussion. If this 
be normal, and if the liver also extend downwards to some distance be- 
yond the ribs, enlargement is clearly indicated. — It is not to he foT^otten 
also that the liver may, in certain circumstances, be found to be both dis- 
placed and enlarged. 

Occasionally the gall-bladder, fully distended with bile, presents it- 



* I have hoii ander observation thirteen caam of hydatid disease of the liver' 
amoni^C tboHe were three in which the tiiinorB hod ma.dD their wb}* to the nurtaoe of 
the organ, and one in which an eiiormons oiii*i nf eehinofoecut-'Catielf* mm ditekarged 
thnugh Iht uinbUinwi, but in nunu of them ooold I discover anj trace of the peculiar 
pheDoinenoQ ander diacoBaiaQ. 

That s Bimpte hjpertrophj of the liver, when combined with a csTtain amount of 
Boftening of the hapatio iiubBtnnco, may oloHely nimiilate hydatid dieewc, was Btrik- 
inglj demoDBtraCed in a case which I had nn opportanity of Beeing:. The patient ap- 
parently presented the most marked signB of hyclatid affection of the liver. The diag-- 
ncMiB seemed bo clear that some time nfcerwards the propoaal was made to puncture 
the oyst and evaouaCe its contents, but as the pittient wna nnwilliue to submit to the 
operation nothing waa done. At the examination of hifl body after death absolntoly 
no echinococci were fonnd in the liver. The swelling waa due principally to an enor- 
nuios hypKFplasia of the iotentitial connective tisane. The cause of the deceptive 

■ of fluctoation which was so marked dnring life could not be diacovered. 




the ^^H 

tely ^H 

tive ^^1 
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self as a p3nrifonn, moderately elastic tumor, projeoting sliffhtly beyond 
the 'edge of the liver, usually distinctly visible on the suruice, but still 
more easily recognized by palpation, ofiPering little resistance to the touch, 
and at times giving to the finger an unmistakable sensation of fluctua- 
tion. This tumor may be temporarily diminished in size by pressing upon 
it and causing a quantity of the bile which it contains to flow out through 
the excretory ducts; I observed this in a severe case of jaundice, in which 
the dilated gall-bladder had produced a considerable, pear-shaped eleva- 
tion of the abdominal wall. The situation of a biliary tumor of this kind 
at the part corresponding anatomically to the position of the gall-bladder, 
and the severe accompanying icterus, render its recognition easy. — The 
gall-bladder is, in certain exceptional cases, enormously distended with 
serous fluid (dropsy of the gall-bladder), when it loses all trace of its ori- 
ginal shape and may occupy a large part of the abdominal cavity. 



Palpation of ths Splexit. 

The spleen, so long as it retains its normal dimensions, cannot be 
touched with the palpating finger; it is only in full inspiration and when 
the abdominal coverings are unusually soft and yielding, that its anterior 
lower end may be felt deep in the left hypochondrium. Palpation of the 
spleen is best accomplished during the respiratory pause, the finger-tips 
being thrust in under the left costal margin as the patient draws a long 
deep breath. When palpation is found to be difficult or impossible in the 
dorsal recumbent posture the abdominal wall may be still further relaxed, 
and the examination thus rendered easier, by turning the patient over on 
his right side. 

Even a slight degree of enlargement of the spleen is, at the end of a 
long and full mspiration, appreciable to deep palpation, though this is not 
always indicated by an actual advance of its lower end, but sometimes 
only by a well-marked increase of the sense of resistance. As the organ 
grows larger it takes up more and more of the abdominal cavity, extend- 
ing obliquely downwards and inwards, toward the median line. In ac- 
cordance with the laws of gravitation the direction in which the increase 
in volume of the spleen takes place is almost invariably downwards, up- 
ward displacement of the diaphragm from this cause bemg observed only 
when the tumor is of exceptional magnitude. 

The slighter forms of splenic enlargement are met with in the various 
infectious diseases, typhoid fever, typhus, pyaemia, relapsing fever, small- 
pox, recent syphilis, &c., and in cases of obstruction of the circulation in 
the portal system, caused most usually by cirrhosis of the liver and va- 
rious cardiac lesions ; even in these affections the spleen, though it occa- 
sionally swells to twice its natural size and often to a greater extent, 
very seldom emerges from under the costal arch, but is perceptible to the 
hand only in deep inspiration. Intermittent fever of long standing, and 
amyloid degeneration, give rise to still greater enlargement ; it is in leu- 
kaemia, however, that the most notable amount of hypertrophy is observed. 
In the last-mentioned affection it is not uncommon to find a splenic tu- 
mor of such dimensions that it fills half or even more of the abdominal 
cavity. 

Except in those cases of enormous enlargement just referred to the 
spleen, when hypertrophiod. generally preserves its original form, the in- 
crease which it undergoes being nearly equal in all its diameters — its 
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length, breadth, and thickness. Splenio tumors of irregular outline, 
bearing no resemblance to the normal shape of the spleen, are exceed- 
ingly rare. The anatomical situation of the enlarged spleen also corre- 
sponds generally with that of the organ in health; its long diameter runs 
parallel to the curve of the ribs, taking a more diagonal direction than 
the transverse diameter. The thickness of the tumor may also be ap- 
proximately estimated when its concave surface can be reached with the 
finger. 

The notches or depressions on the surface of a very much enlarged 
spleen may usually be distinctly felt; the swelling of the organ as a 
whole deepens them to such an extent that they can be made out with 
the greatest precision. Generally there is only one large fissure on the 
spleen, and one, sometimes two, rather smaller. In cases in which there 
is some difficulty in recognizing whether the tumor is really spleen or not, 
these indentations become of prime importance as diagnostic signs, as 
they are discovered in no other variety of swelling than that consisting of 
the hypertrophied spleen. 

All splenic tumors of any considerable magnitude, reaching down- 
wards some distance in the abdominal cavity, are of firm consistence; the 
leukaemic, amyloid, and malarial forms are all more or less alike in this 
respect, or at least differ so slightly that their density offers little that is 
of value in a diagnostic sense. Those associated with acute diseases, on 
the contrary, never attain any very great size and are always of very soft 
consistence; in typhus indeed they are even softer than the healthy 
spleen. 

The surface of all these tumors is smooth, or at most presents no 
marked irregularity. 

Palpation of tumors of the spleen gives rise to almost no pain, or, in 
exceptional instances, to only a slight feeling of uneasiness. 

Finally, the spleen may form in the abdomen a distinctly visible and 
palpable swelling without at the same time necessarily being the seat of 
any enlargement; it may be dislocated as the result of relaxation of its 
retaining ligaments, when it is caused to shift about from one part to an- 
other of the abdominal cavity with every change in the posture of the 
body, constituting what is known as movable or wandering spleen. As 
it commonly sinks so far that its upper end comes to be situated just 
under the border of the costal arch, and as, further, it lies so close to the 
surface that its general configuration is readily and accurately made out 
with the hand, the diagnosis in such a case is easy.* 

* I have seen three oaeea of moyable spleen. In the first case, that of a man in 
his thirtieth year, the spleen was replaced and kept in position by means of a bandage, 
when the pain, which had been till that time treated in various ways without success, 
and which was evidently caused by disturbance of the neighboring organs by the 
spleen, immediately disappeared. — In the second case, which occurred in the person 
of a woman 48 years of age, the dislocated spleen lay in the left iliac region, just under 
the soft loose abdominal coverings ; its whole outline, even its notch, could be distin- 
guished with perfect precision by palpation, and the organ could be moved about in 
the abdomen to a very considerable extent. The dislocation had occurred suddenly, 
as the result of some violent physical effort, the patient at the same time being made 
conscious, by her sensations, of the nature of the accident that had befallen her ; the 
tamor occasionally gave her slight dull pain. The splenic dulness was wanting in its 
normal situation, the pulmonary percussion-sound merging directly into the clear tym- 
panitic sound of the intestinea — In the third case, that of a young woman who suf- 
fered from angular and lateral curvature of the spine and who had been twice deliv- 
ered of a child by instruments, the spleen Iny in contact with the flaccid abdominal 
wall a little above the left iliac region ; the displacement was supposed to have taken 
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The diaBnosiE of splenio tumor in general rests, as we h&ve s 
the indioations, furnished hy palpation, relative to the situation 7 
shape of the swelling, the presence on it of one or more in dentations, 
and on the fact that the tumor, lying under the left lower ribs, presents 
sii area of percussion-dulness which is oontiouous superiorly with that of 
the spleen. The precise nature of the tumor is inferred from the resulu 
of further examination. It is obviously leukeBinic if any very consider- 
able increase in the number of the white -corpuscles cnn be shown to ei- 
ist,* or may be assumed to be amyloid if the patient labor under anv dis- 
ease in which it is known that the organs are littble to this form of degen- 
eration {destructive changes in 
the lungs, diseases of the bones, 
eyphilis — in which the liver also 
is usually enlarged) and it, in 
addition, the urine is found to 
be albuminous (amyloid kid- 
neys) ; it may be regarded u of 
tnitlarial origin if its appe&rsnce 
is preceded by chronic iutennit- 
tent fever, or as due to ixtngw- 
tion in those affections in wfaicli 
circulation in the portal system 
d.) — In certain not very numeiDUi 
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rio. 46.— Sunn', after 



peded (cirrhosis of the livei 



arked instances) a oonsidersbla 
tlicnant swelling of the 




eases (of which I li 

enlargement of the 

glands of the neck, axilla. &c.\ this variety of 

guished from that of leuka-mia by the circumstance that it is not w 

companied by any augmentation in the number of the colorlesa bloud-cor- 

fiuscles. This condition has been designated spltnie anaemia, or pseuiio- 
eukiemia. — Hydatid disease of the spleen is rare, there being up to ibe 
present time but 2G cases recorded in medical literature. When it does 
occur it may give rise to great deformity and enlargement of the spleen; 
if the liver be aimultaneously infested by cohinococci, little doubt is le(t 
as to the cause of the swelling, but when the parasites are lodged in ibe 

place after the second conSnement. The tumor was movablo within mrtaia moTon 
limits, and \XM aice and shnpe were eznotl/ definable b; palpation. The ninst uoubla 
fact in ooQDection with this case was that the patient, deeirins. perba[«, lo bet'ocM 
(amonB aa a pat)iolo(;ical raarrel, caused the vpteen tu he totally alirjialrii ; ui (unr 
teea dayn she bod leoovered from the operation. Sbe continued in good hoaltb loi 
three mantha, when she died from the effects of another at>eration~ colponaiiliia 

• In normal blood there are aboat 800 red corpnacles to eveiy white coipnede. and 
in the Seld of the mirroscope. under a power of 300 diameters, it seldom happerutbat 
more than 10 of the Inttcr are aeon B<'attered among t^e clowlj packed and adbcmit 
red globutea In pFofnund leukiemia the proportion of colorleHS oorpaaclea to nA 
riaes to one of the former to 10, 5. or even 3 of the latter, and casea hav« been met 
with In which the number of the white globules equalled or eren exceeded that ofthe 
red. Even in the less intense forms of the aRection the incream of the culoileta cor- 
pnsctes BB compared with their rarity in healthy blood alrikes the eye at nnc^e. 

In splenin lenkoimia. i.e.. in tbciae cases in which only the npleen i* ewullc-a sad 
not the lymphatic glaoda. the colorleaa corpuscles are found to be of large aUe ai»l to 

bain several naclei ; wbilat in the lymphatic form of the disease, in which only Iha 
lymphatic glande are enlarj^d. and not the spleen, the white oorpuaclea are small Koi 
grnnuhir, with aolitnry. relatively large nuclei. When, as is very frequenUy tlie oaia, 
both spleen and lymphatia glands are swollen, MA kinda of colorless oorpiuidea *n 
seen aide hy side. — The blood required for examination may be token from aoy ptft 
of tlia body which is moat convenient, by making a slight scratch on the akin. 
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spleen only tbe principal guide to tbe true character of the tumor is the 
discovery, on its surface, of a circumscribed spot of soft, elastic consis- 
tence to palpation — ^the echinococcus-cyst. — Other tumors (carcinoma) 
are developed only secondarily in the spleen. 

Splenic enlargement can scarcely be mistaken for any other variety 
of swelling found on the left side of the body, from whatever or^an or 
tissue it may spring, if due attention be paid to all the details of the ex- 
amination. 

Palpatiok of thb Stomach and Intestinal Canal. 

Palpation of the stomach enables us to detect pain or abnormal resis- 
tance to pressure in the epigastric region. Pain felt over a circumscribed 
area and aggravated by pressure, almost invariably indicates gastric ulcer; 
diffuse pain, on the other hand, occurring periodically, is observed in 
almost all diseases of the stomach, whether neuralgic or associated with 
tissue-changes in the walls of the organ, from simple catarrh to the grav- 
est forms of malignant growth. The pain in the purely neuralgic affec- 
tions comes on in paroxysms; starting from the epigastrium it radiates 
both to left and right and backwards towards the vertebral column, 
and is sometimes of a degree of severity such as is experienced in no 
other disease of the stomach; occasionally also, unlike the pain due to 
round ulcer of the stomach, it is relieved by pressure on the epigastrium. 

The new formations which are found in the stomach, usually of a can- 
cerous nature, are almost always in their advanced stages appreciable by 
palpation when, as is most usual, they have their seat at the pylorus; 
cancer of the larger curvature of the stomach, a rarer variety of trie dis- 
ease, may also be felt with the hand, but that of its cardiac end or of the 
smaller curvature is too deeply-seated for examination with the finger. 
They generally form tumors of greater or less size, of considerable den- 
sity, painful both spontaneously and to pressure, occasionally sharply 
defined from the neighboring parts, at other times extending beyond the 
epigastric region and then often having intimate connections with the 
liver. But a painful epigastric tumor, perceptible to the touch, is not 
necessarily of gastric origin, — it may spring from the left lobe of the 
liver; the diagnosis of gastric cancer therefore is warranted only on ob- 
serving the other symptoms which point to disease of the stomach. — In 
some rare cases the tumor of the stomach is due to hyperplasia of the 
muscular coat of the organ {myoma) or to sarcoma. These swellings, 
though usually small, may attain such dimensions as to constitute a dis- 
tinct tumor in the epigastrium. — In pathological dilatation of the stom- 
ach the extent to which its greater curvature is displaced downwards may 
be demonstrated by passing a sound and feeling its point through the 
abdominal coverings (Leu be). 

Diseases of the intestines do not frequently present signs which are 
appreciable by palpation. 

Large, hard, faecal accumulations in the intestinal canal are usually 
felt on the right or left side of the abdomen as irregular, movable 
masses ; their true nature is apt to be mistaken, particularly when, as oc- 
casionally happens, they do not disappear even on the administration of 
strong purgatives. — In cases of stenosis of any part of the canal the peri- 
staltic movements of the bowel may be observed on passing the hand over 
the abdominal wall, which in such circumstances is generally thin and 
emaciated^ and on the surface of which the intestine stands out in elon- 
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gated, rounded and firm ridges. These moyements are set up by the irri- 
tation of the mass impacted above the constriction; occasionally also they 
become apparent spontaneously, independently of the presence of any 
such cause of distention of the intestine. 

Of the many varieties of painful sensations, differing widely from each 
other in character and distribution, associated with inflammatory affec- 
tions of the bowels, that most worthy of notice from the diagnostic stand- 
point is the ileocaecal pain connected with inflammation of the oecum, 
typhoid fever, and perforation of the processus vermiformis. If in the 
course of the latter affection exudation takes place a semi-solid tumor is 
formed, tolerably sharply defined from the neighboring parts, perceptible 
to superficial or deep palpation according as the amount of the exudation 
is great or small. 

The presence of fluid in the eastro-intestinal canal, — in the stomach in 
cases of dilatation, in the bowel often as the result of simple catarrh or 
of Asiatic cholera (in which the intestine is frequently loaded with an 
enormous quantity of fluid), — is marked by the occurrence of a loud 
splashing, which is not only felt, but is distinctly audible, on pressing 
firmly and quickly on the abdomen (see p. 281). In typhoid fever this 
gurgling is generally limited to the ileoctecal region ; the same symptom, 
however, similarly circumscribed, is occasionally noticed in catarrh of this 
part of the intestinal canaL 

The principal diseases to which the omentum is subject are the vari- 
ous new formations, especially tuberculous and cancerous degeneration ; 
the parts in which these changes have taken place are often felt through 
the thin abdominal wall as hard cord-like masses. Not uncommonly thej 
give rise to tumors of greater or less size (fibroma, sarcoma, lipoma, car- 
cinoma, hydatid and vascular growths) whose point of origin can be de- 
termined with certainty only when the neighboring structures are not 
involved in the swelling ; but when this is the case, when the adjoining 
organs are likewise enlarged and invaded by the same degenerative pro- 
cess, the resulting tumor may be of such enormous size and so irregular 
in form that it is no longer possible to discover what share each part takes 
in its formation. 

Tumors of the pancreas and of the retroperitoneal glands may some- 
times be detected by palpation. Those of the pancreas are rare, almost 
always of a cancerous nature, and very seldom primary or unassociated 
with similar changes in other organs ; they form in the epigastrium hard, 
immovable or only slightly movable tumors, which are evidently deeply 
rooted in the abdominal cavity. Under favorable circumstances the con- 
nection of these growths with the pancreas can sometimes be demonstrated 
during life, but a confident diagnosis becomes impossible when, as in most 
of the cases hitherto recorded, they are merely part of a general swelling 
of the abdomen. This applies also to cases of enlargement of the retro- 
peritoneal glands, which is occasionally primary, more often secondary^ 
and developed in the course of very many of the general constitutional 
diseases. 



Palpation in Diseases of the Peritoneitm, and in cases of Accu- 
mulation OF Fluid in the Peritoneal Sac. 

In diffuse peritonitis, whatever be its cause, gentle pressure or even a 
light touch with the finger at any part of the abdomen causes the most 
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acute pain; in circumscribed p>eritonitis this extreme sensibility to palpa- 
tion is observed only over the area affected. Cancerous degenerations of 
the peritoneum are characterized by the presence of irregular nodules, 
always painful to pressure, which may be defined with the hand, provided 
there is no over-distention of the abdomen with ascitic fluid; tubercular 
degeneration and thickening are likewise sometimes distinguishable by 
palpation. 

The differential diagnosis between the conditions described is based, 
leaving out of consideration the great difference in the course of the two 
diseases, on the results of the examination of the other abdominal or- 
gans; cancer of the peritoneum is found to be merely one manifestation 
of a much more widely spread morbid process, while tuberculosis of the 
peritoneum, on the other hand, occurs only in the more advanced stages 
of pulmonary phthisis. 

Large quantities of free fluid in the peritoneal sac, — ^which consist 
usually of transudated serum, more rarely of exudation, — ^give a sensation 
of fluctuation to palpation. On placing the patient on his back or in the 
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upright position and striking with the finger of one band on the abdo- 
men, a sense of fluctuation is transmitted to the other hand laid flat on 
the abdominal wall either near or at a distance from the part percussed ; 
a distinct wave is also usually seen to pass over the surface. — ^The force 
of this wave depends on the quantity of fluid present and the consequent 
tension of the abdominal parietes; ii the latter be still flaccid, the amount 
of effusion being small, fluctuation may be quite wanting or appreciable 
only in the upright position, in which the fluid sinks to a lower level in 
the cavity and there renders tense the superficial parts. Further, if the 
effusion be scanty the undulatory sensation may be elicited only in the 
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neighborhood of the spot percussed, and not at more distant parts. — ^The 
level to which the fluid subsides may be defined with considerable preci* 
sion by noting how far upwards fluctuation extends. 

Encysted peritoneal exudation, hemmed in by inflammatory adhesion 
of the peritoneum with neighboring organs, gives no sensation of fluctua- 
tion. Peritoneal transudations, not bemg of inflammatory origin, are not 
usually encysted; where, however, transuded fluid is found enclosed in 
this manner the adhesions by which it is confined must be the remains of 
some antecedent inflammatory process. 

Friction-murmurs are sometimes appreciable by palpation. If, for in- 
stance, the parietal layer of the peritoneum, and that which covers & 
large hepatic or splenic tumor, become roughened by chronic inflamma- 
tion, the opposed peritoneal surfaces come into more intimate contact 
with each other during the inspiratory and expiratory movements of the 
liver and spleen and rough friction takes place between them, capable of 
being considerably aggravated by pressure on the enlarged organ.^ The 
conditions most favorable to the development of the friction-murmur are 
presented in carcinomatous disease of the liver, when the peritoneum 
over the irregular nodules with which the organ is studded is at the same 
time inflamed; on the other hand, this abdominal friction is absent when 
the tumor is chronic in its progress, there being no provocation to inflam- 
mation of the peritoneum when the enlargement of the organ is slow. — In 
connection with other abdominal tumors also, when they contract adhe- 
sions with the peritoneum, evidence of friction may be obtained by pal- 
pating deeply or by moving the affected organ slightly with the hand. 



Palpation of the Ubo-genital Apparatus. 

The kidneys become accessible to palpation when they shift from their 
normal situation and sink deeper in the abdominal cavity (movable or 
wandering kidney), or when they are the seat of great enlargement, — par- 
ticularly that due to hydronephrosis. 

Dislocation of the kidney, which is very seldom congenital, but roost 
usually acquired, occurs most often on the right side, rarely on the left. 
Relaxation of the ligaments predisposes to this affection, a fact to which 
is to be ascribed the greater frequency of floating kidney in women after 
confinement; violent physical exertion is also occasionally a cause of this 
displacement. 

The data on which the diaernosis of movable kidney rests are the pres- 
ence in the abdomen of a palpable tumor having the anatomical form of 
the kidney, and, if further proof be desired, the absence of the renal per- 
cussion-dulness in the region in which it is usually found. 

As the dislocated kidney lies comparatively close to the abdominal 
wall the smoothness of its surface and its characteristic bean-shaped 
outline are readily made out when it can be sufliciently fully grasped 

* Peritoneal friction, first accarately described by Despr^s, gives to the ^gei the 
same impression as pleuritic friction, — that of scratching or grating. In one case 
which I saw the friction-murmur woa so marked that the patient himaelf drew mj at- 
tention to it. 

The movements of the heart also, as in a case observed by Emmingbans, when the 
contiguous peritoneal surfaces of the liver and the diaphragm are ooveied bj roogfa 
fibrinous depv«it, may give riae to a systolic friction-marmor. 
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between the two hands. On account of its extreme smootliness and very 
free mobility it often slips from under tlie finger when pressed upon. 
The further it has wandered from its oriffinal position the more easy ia it 
to fix it; if it has moved onlj' from the nght lumbar region into the right 
hypochondrium it sometimes disappears spontaneously, or on attempting 
to examine it with the hand, or oocasionally in consequence of various 
movementa on the part of the patient, sinking behind the hypochondrium 
again and passing for a time beyond tlie reach of the finger. Palpation 
of the dislocated kidney gives no pain; it is only on using considerable 
force that uneasr sensations are felt in the part. 

Over the region which should be occupied by the kidney the sound to 
percussion is clearer than that obtained at the corresponding point on the 
opposite side ; this clear 
sound becomes dull when 
the kidney is returned to its 
normal position. 

The palpfttion^signs and 
those elicited by percussion 
are as a rule sufficient to 
prevent a movable kidney 
beinp mistaken for an ab- 
dominal tumor. It is only 
in those cases in which, by 
pressinfrupon and irritating 
the neighboring tissues, it 
has excited inflammation 
and thickening of the sur- 
rounding parts, as in two 
caseswhich I observed, that 
the diagnosis presents any 
di£Gculty, as the organ la 
deprived of its mobility and 
its distinctive outline Is then 
no longer recognizable. In 
Buch circumstances the ob- 
jective examination must 
be suppleniented by a care- 
ful consideration of the his- 
tory of the development of 
the disease. 

If the kidneys under- 
go extensive degenerative 
changes and at the same 
time increase so much in 
sixe that they may be ap- 
propriately described as largo renal tumors, they may come near enough to 
the surface to be examined satisfactorily by palpation. Hydronephrosis, 
due to the presence of some mechanical impediment to the flow of urine 
into the bladder, constitutes a swelling of this character. If this obstruc- 
tion, arising from compression, adhesion, or malformation of the part at 
faalt, affects onlyone of the ureters the hydronephrosis involves only one 
kidney, but if both ureters become impassable, or if the obstacle be situated 
at the urethral orifice of the bladder (cases which are somewhat ram), bi- 
Iftteral hydronephrosis reisults. The largest tumors are seen in hydrontt- 
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phrosis on one side; double hydronephrosis ends too rapidly in death to 
permit of the development of swellings of great size, while in the unilat- 
eral form of the disease the discharge of the urine secreted by the other 
kidney goes on unhindered. 

The tumor produced by hydronephrosis, when it is of considerable 
magnitude, is felt both posteriorly in the lumbar region and in front 
through the abdominal walls, as a soft fluctuant mass of somewhat spher- 
ical shape. Its volume may lead to its being taken for an ovarian growth, 
but the history of the manner in which the tumor was developed and the 
data furnished by further physical examination, usually render such an 
error in diagnosis impossible. 

An enormously distended bladder (which has been known to reach as 
high as the umbilicus), is recognized by inspection, and still more posi- 
tively by palpation, as a firm, elastic, oval-shaped tumor in the lower 
part of the abdomen. 

Hypertrophy of the prostate may be diagnosed by palpation through 
the rectum. 

Among the diseases of the female genital apparatus, tumors of the 
ovaries and of the uterus may usually be made out with the greatest ease 
by palpation. Ovarian tumors are generally unilateral, frequently irreg- 
ularly spherical in shape, and movable. In most cases they contain a 
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large quantity of fluid, and yield then a distinct feeling of fluctuation to 
firm pressure (ovarian cysts). In other less common cases they appear 
to the touch to be solid throughout; they may, nevertheless, enclose 
fluid, fluctuation being wanting merely because the force exerted by the 
hand in palpating through the thick coverings of the cyst is insufficient 
to set its fluid contents in motion. In multilocular ovarian cysts also 
there is no fluctuation. On the other hand, ovarian tumors have been 
observed which, during life, gave very distinctly the sensation of fluctu- 
ation, but which at post-mortem examination were found to contain no 
fluid ; they were exceedingly soft and flabby in consistence, their whole 
tissue being infiltrated with serum. — There is, in general, no difficulty in 
ascertaining whether the tumor springs from the right or the left ovary, 
even when it it so large as to pass to some distance over the middle line; 
but if from the enormous bulk of the tumor, which may fill up both sides 
of the abdomen equally, it becomes impossible to make this distinction hy 
physical examination, the patient's recollections as to the part in which 
the swelling first appeared will usually afford trustworthy enough indi- 
cations as to its starting point. 

The history of the case, and especially examination per vaginam, by 
which latter means the growth can always be reached with the finger, will 
generally serve to distinguish ovarian from other forms of abdominal en- 
largement; the diagnosis of hydrovarium from ascites may be made with 
a like degree of certainty by combining palpation with percuasion and by 
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giving due weight to the history of the course of the disease, to the results 
of the exploration of the other organs, &c, (see p. 275). — It may seem to 
some impossible to confound an ovarian tumor with a gravid uterus, yet 
this has often been done. 

Enlargement of the uterus, — ^physiological in pregnancy, pathological 
in cases of tumor of the uterine substance or of accumulation of fluid in 
its cavity, — are appreciable by palpation through the abdominal wall as 
soon as the organ emerges from the pelvis and rises into the abdomen. 




most conveniently practised when the pa- 
in which position the abdominal covering, 
relaxed to the greatest extent, 
sion in here directed is the delimitation of 
-the liver, spleen, and gaatro-intestinal 
9, anil uterus, when 



many abdominal diseases 
f enlargement of the vari- 



Fbbcitssiozt of the abdomen if 
tient is made to lie on his back, 
especially the recti muscles, an 

The object to which percui 
certain of the subjacent orgai 
canal, very rarely the kidneys. The panci 
of their normal size, are not definable by perci 

The diagnostic importance of pei 
ia merely secondary, particularly in 
ous organs, the information ob- 
tained by palpation being more 
reliable, inasmuch as by the latcer 
means we are enabled to detect 
not only increase in volume but 
also many other alterations to 
'which the parts are subject and 
thus to form a clearer concep- 
tion of the precise nature of the 
morbid process going on; this is 
exemplified in cases of palpable 
tumor of the liver, spleen, ova- 
ries, uterus, and in various other 
abdominal tumors. In other cases, 
however, in which palpation gives 
negative or uncertain indications, 
percussion comes to be of the 
greatest value as a method of 
physical examination, as, for in- 
stance, in free ascites, encysted 
peritoneal exudation, intestinal 
meteorism, accumulation of gas 
in the peritoneal sac, atrophies 
and dislocations of the liver, and 
in the slighter (and therefore non- 
palpable) forms of enlargement 
of the liver and of the spleen. 
Farther details having a bearing on thii 
ing the percussion of the different orgai 

It is immaterial in what order the abdominal organs are percussed, 
though it is customary to begin with the liver and spleen and afternard« 
to tutu the attention to the gastro-iutestinal canal. 




lubjeot will be given in discusa- 
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PSBCUSSION OF THE LiTEB. 

This is undertaken with the view of ascertaining the position and size 
of the liver. 

In nonnal circumstances, in which the liver is not definable by palpa- 
tion, percussion is the only method by means of which the dimensions 
and situation of the organ can be determined, while in those cases in 
which, on account of enlargement, the liver projects from under the cos- 
tal arch and may therefore be distinctly felt, percussion supplements the 
results obtained by palpation by fixing the upper hepatic boundary; 
diminution in the size of the organ can be recognized only by per- 
cussion. 

The liver lies in the greater part of its extent close against the thoracic 
and abdominal parietes, only its upper convex surface, occupying the 
concavity of the diaphragm, being by the latter structure, and by the 
lung towards the right, separated from the chest- wall. That portion of 
it which is in contact with the thoracic and abdominal wall, extending on 
the front of the chest from the sixth rib superiorly to the margin of the 
arch of the ribs inferiorly, and reaching in the median line to midway be- 
tween the base of the xiphoid cartilage and the umbilicus, gives at sU 
points a dull sound to percussion. This area of dulness is known as the 
absolute hepatic dulness. That part of the liver which is separated from 
the chest-wall by lung tissue extends upwards, when the diaphragm is in 
a medium state of contraction (as in quiet expiration), to the level of the 
fifth rib between the right mammillary and parasternal lines; from this 
point downwards to the inferior border of the lung, beyond which the 
liver is in immediate contact with the thorax, the sound is not dull, but 
is only less loud than that elicited higher up (at parts behind which lung 
alo7ie is situated), and is therefore spoken of as merely relatively dull 
The height of this relative hepatic dulness, however, is less than the ac- 
tual height of the upper convex segment of the liver which is sheltered 
behind pulmonary tissue, as the dulness always begins in the middle 
of the fifth intercostal space, where the stratum of lung which comes in 
front of the liver becomes sufficiently thin, while above this level the laver 
of lung is too deep to permit of any diminution in the intensity of the 
percussion-sound taking place. As, accordingly, the relative hepatic 
dulness can never be defined with rigorous exactness no attempt is as a 
rule made to do so, attention being directed to the determination of the 
area of absolute dulness only. The full vertical diameter of the organ 
may nevertheless be approximately shown by placing the upper boundary 
of the absolute dulness 4 ctm. higher, — the extent to which the hver, in 
the mammillary line, is covered by lung, the diaphragm occupying a mid- 
dle position between relaxation and extreme contraction. 

The liver should be percussed during the respiratory pause, and gen- 
erally along four lines, the axillary, mammillary, parasternal and median 
lines. 

The upper boundary of the hepatic dulness is found at the eighth rib 
in the axillary line, at the upper (sometimes the lower) border of the 
sixth rib in the mammillary line, at the upper border of the sixth rib 
(sometimes in the fifth intercostal space) in the parasternal line, and at 
the base of the xiphoid process in the median line. Posteriorly the liver 
rises as high as the level of the tenth rib. The superior boundary of the 
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hepatic dulness is thus conterminous with the inferior margin of the right 
lung. 

The lower limit of the hepatic dulness is situated between the tenth 
and eleventh ribs in the axillary line; in the mammillary and parasternal 
lines it comes close to the edge of the arch of the ribs, comparatively 
seldom passing beyond it, and then only to the extent of 1 — 1^ ctm. In 
women this inferior boundary may be considerably lower, — as much as 
2i — 5 ctm., a condition which is commonly due to tight lacing, sometimes 
to relaxation of the suspensory ligament of the liver ; in the latter case 
the upper limit also is lowered. In the median line the hepatic dulness 
reaches downwards to nearly midway between the base of the xiphoid 
process and the umbilicus; from the median line it extends about 5 ctm., 
at most, 6 — 7 ctm., to the left, where its lower edge, turning upwards, 
passes into the lower margin of the cardiac dulness and there ends, as 
might be expected from the anatomical site and outline of the liver, in 
the upper border of the hepatic dulness. — Posteriorly the lower boundary 
of the liver-dulness is no longer demonstrable beyond the scapular line, 
in which it is situated at the level of the eleventh rib ; the dulness is 
here undefinable, being lost in that arising from the thick mass of the 
dorsal muscles. 

The percussion-sound is not equally dull at all parts of the hepatic 
area; over the thick right lobe of the liver the non-resonance is much 
more decided than over the thin left lobe, while towards the lower mar- 
gin of the organ, where it diminishes rapidly in thickness, the sound be- 
comes more and more clear. The proximity of the intestine to the lower 
f>art of the right lobe, and of the stomach and bowel to the whole left 
obe, adds to the dull sound heard on percussing in these regions one of 
tympanitic quality; by striking gently with the hammer or finger the con- 
fusion arising from the mingling of these sounds may be reduced to a min- 
imum. It is only in children that, notwithstanding the employment of a 
light stroke in percussing, the dull sound over the whole hepatic area is 
accompanied by a tympanitic sound. 



Dislocation of the Liveb. 

In this affection the boundaries of the area of liver-dulness are altered, 
but the organ itself remains of normal size. 

Dislocation of the liver from physiological causes occurs during the 
respiratory act; in quiet respiration the amount of displacement is merely 
trifling; deep inspiration, on the other hand, occasions a very considera- 
ble sinking of the liver, and consequently also of the upper limit of the 
hepatic dulness. At the same time the vertical diameter of the dull area 
diminishes, as in inspiration the lower margin of the liver descends only 
to a point about 1 — 1^ ctm. below the edge of the costal arch, whilst the 
upper convex surface of the organ is overspread by the expanding lung 
to the extent of 2 — 3 ctm. The attitude of the body has also a certain 
influence on the position of the lower border of the liver; in lying on the 
right side the right lobe sinks and the left rises somewhat, and if decubi- 
tus be on the other side these relations are usually reversed. 

Pathological displacement of the liver takes place generally down- 
wards, seldom (and then only to a very inconsiderable degree) upwards or 
late rail V. 

Dislocation downwards is produced by all those conditions in which 
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depression of the diaphragm is a marked symptom, — the severer forms of 
pulmonary emphysema, right pleuritic exudation and pneumothorax; in a 
rarer class of cases the depression is due to relaxation of the ligamentum 
suspensorium hepatis. 

If both lungs be emphysematous the displacement of the liver is uni- 
form, — and this is the more common variety of the affection; but if the 
disease be more marked in the right lung, as it occasionally is, the right 
lobe is pushed further downwards than the left. 

The extent to which the upper boundary of the liver sinks,— one, or 
even two intercostal spaces, — is proportionate to the degree of distention 
of the emphysematous lung; in aggravated cases it may even come to oc- 
cupy a position opposite the eighth rib in the mammillary line, when the 
margin of the organ will be found to project beyond the arch of the rib& 
This descent of the lower hepatic boundary, however, is not so great as 
that of the upper boundary; the hepatic dulness is therefore not siraplj 
displaced, but is also diminished in size, a condition which is favored bj 
the fact that the adjacent intestine gives a tympanitic note which accom- 
panies the percussion -sound of the lower segment of the liver. 

A second very common cause of downward dislocation of the liver is 
right pleuritic exudation; much more rarely, and then not to such a 
marked extent, a similar displacement is produced by right pneumotho- 
rax, if it have not at the same time given rise to an abundant pleuritic ef- 
fusion. In such cases the right lobe of the liver is driven further down- 
wards than the left, so that the organ is made to take up an oblique posi- 
tion in the abdominal cavity, the descent of the heavy right lobe render 
ing tense the suspensory ligament and causing the left lobe to turn more 
to the left and upwards. — Left pleuritic effusion, left pyo-pneumothorax, 
or very copious pericardial effusion, may, but never to any great degree, 
depress the left lobe of the liver. 

The liver, when dislocated downwards, may generally be felt with the 
hand if the abdominal coverings be not too tense; but when it is not dis- 
tinguishable by palpation the characteristic feeling of resistance which it 
gives to percussion, the dull sound brought out by a gentle percussion- 
stroke, and the dull tympanitic sound it renders in answer to a more for- 
cible stroke, make its recognition comparatively easy. 

That the liver is simply dislocated, — not enlarged, as might be sup- 
posed by its projecting and coming within reach of the hand beyond the 
edge of the costal arch, — is at once shown, when the cause of the displace- 
ment is pulmonary emphysema, by the percussion-signs above enumer- 
ated, particularly by those which indicate a descent of the upper limit of 
the hepatic dulness. In right pleuritic effusion, on the contrary, the de- 
termination of the superior boundary of the liver becomes impossible, £3 
the dull sound of the fluid passes directly into that obtained over the he- 
patic area. 

Dislocation of the liver upwards is invariably the result of pressure 
from below by enlargement of the abdominal organs, intestinal meteorism, 
ascites, large tumors of the abdominal cavity, especially of the ovary. 
The displacement is thus most frequently uniform; occasionally, however, 
the liver is pushed up unequally, according as the pressure takes effect 
chiefly on its right or left lobe. The actual extent of the upward dislo- 
cation from these causes connected with the abdominal organs is never 
so great as that of the displacement downwards from thoracic disorder, 
as from the more yielding character of its walls the abdomen undergoes 
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a much greater degree of enlargement than tbe thorax before the aigna 
of proaaure on the liver become evident; generally, indeed, tbe eSect of 
even very considerable abdominal pressure is merely to raiae the liver but 
one interspace higher, so that the upper boundary of the organ comes to 
coincide with the fifth rib. Still further elevation of the liver, till it reaches 
even aa high as the fourth rib, is rare. — The determination of the lower 
border of the liver by percussion is often difficult, occasionally quite im- 
possible, when the dislocation ia due to pressure from below, — in cases of 
very abundant aaoltes, for instance, aa this affection itself is associated 
with a dull percussiod-sound. And even in those suffering from intes- 
tinal meteorisin, or abdominal enlargement from other causes, we fre- 
quently fail to delimit the liver inferiorly, as its dulness is swallowed up 
in the tympanitic Bound of the bowel; in these circumstances therefore 
the vertical measurement of the hepatic dulness is less than it is normally. 



EnLASGEMENT of THB LtVEB. 

When the liver increases in size its surface and mar^^n, aa already ob- 
served (p. S45), come within easy reach of the hand, when it is no longer 
necessary to have recourse to percussion to recognize the presence of tha 
enlargement. Less marked augmentation of volume, however, gives no 
sign which is appreciable by palpation, especially if there be much tension 
of the abdominal wall; in cases of thia kind the increase is clearly enough 
shown by the dull sound elicited by percussion of the hepatic area. This 
sound is never absolutely non-reaonant, but is of a dull tympanitic qual- 
ity. The distance downwards to which the liver reaches is indicated by 
the line of demarcation between the dull tympanitic sound of the organ 
itself and the clear tyrnpanitia note of the adjoining intestine. 

But the liver, even when distinctly enlarged and projecting below the 
ribs, is not demonstrable by percussion in the presence of copious effusion 
into the peritoneum (ascites) or meteoriam of the intestine. In the first 
case, provided that the Huid be abundant enough to reach to the upper 
part of the abdomen and that the abdominal walls be in a condition of 
considerable tension, the dull sound of the liver is indistinguishable from 
that of the effusion; the fluid often rises as high aa the liver, or even cov- 
ers it, when the patient Ilea on his back. In the second case (meteorism) 
the colon, distended by gas, sometimes comes between the liver and the 
abdominal wall, when percussion educes only the loud intestinal sound. 
In the same way an enlarged left lobe of the liver may be so masked by 
uach as to be undiscoverable by percussion, 
enumerated, which hinder or render impos- 
ilver by percussion, ascites is the most com- 
mlargement, and peritoneal effusion in the 
on in mitral lesions). If the superficial tis- 
'ollen organ is acee»»ible to palpation, when 
ttie enlargement is easily detected without the aid of percussion. Even 
when the abdominal parietes are moderately tense the hypertrophied liver 
may be explored by palpation, by pressing suddenly and firmly with the 
band over that part of the abdominal surface corresponding to the site of 
the liver, and in this manner pushing the fiuid aside. 

A liver of normal size may appear enlarged when close to its lower bor- 
der is situated some solid medium giving a dull sound to percussion. The 
hepatic dulness is thus apparently increased by the preseaoe of firm, hard 
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/iecftl m&Bses filling up the transverse colon, by tumors of the pylorus and 
of the stomach in general, and by peritoneal exudation encysted in the 
neighborhood of the liver. 

In these cases also, in which percussion is plainly not to be relied on 
as a means of investigation, palpation very generally, though not inviri- 
ably, furnishes such indications as warrant a positive diagnosis, ilal 
even with the aid of the latter method of examination it is not unffe- 
quently impossible to distinguish between cancer of the pylorus and can- 
cer of the left lobe of the liver; it is then necessary to fall back on the 
other symptoms which point to the presence or absence of functional dii- 
order of the stomach. 

Several of the above-named conditions, which complicate or render 
uncertain the results of percussion, such as distention of the stomach br 
food, the overlapping of the enlarged liver by coils of intestine, the awn- 
mulation of a quantity of hard fiecal matter in the colon, &o., are of short 
duration, so that repeated examination usually removes any doubt thai 
may have at first arisen as to the real dimensions of the liver; in all such 
cases, however, the symptoms relating to the development and course o( 
the disease possesses a much higher diagnostic value than the doubtfal 
objective results of physical examination. 

In a rarer class of cases the liver increases in size not merely dowD- 
wards but also upwards, pushing the diaphragm before it, rising some- 
times as far as the third intercostal space, compressing the lung and di- 
lating considerably the right half of the chest, particularly laterally; this 
is observed specially in hydatid disease of the liver. 

At the first glance such a case may readily be mistaken for one of 
pleuritic exudation, but a closer examination will reveal the true nature of 
the affection. Thus, in a woman whom 1 latelv had under observation, suf- 
fering from hydatids of the liver, the tumor, which was large and distinctly 
fluctuant, was rot simply abdominal but grew upwards also into the tho- 
racic cavity, and that so quickly that in a short time the right side of the 
chest, from about the fourth rib downwards, was dilated to an extent sncb 
as is generally noticed only in cases of enormous pleuritic exudation. To 
fall into the error of confounding such an affection with pleuritic exuda- 
tion is scarcely possible; apart from the objectively -demonstrable fact 
that the liver forms a prominent tumor in the abdomen, it will be found 
that the intercostal spaces, when the chest is dilated by an hepatic tumor, 
are not obliterated; that, further, the dilatation of the thorax is veiy 
irregular, and that above all the outline of the area of dulness does not in 
the least resemble that which is so distinctive of pleuritic exudation. 



CONTBACTION OF THE LlTEB. 

The principal sign which this condition gives to percussion is diminu- 
tion in the extent, or even entire disappearance, of the hepatic dulofSi. 
In the latter case the existence of atrophy of the liver is unquestionable, 
in the former case its presence is to be regarded as satisfactorily demon- 
strated only after all possible complications such as might invalidate the 
results of percussion have been excluded. — The circumstances under which 
the liver, even when of its natural size, may be associated with an area of 
( abnormally small, have already been in part enumerated on p. 
le following may also he mentioned here. 1, When some coils of 
le, distended by gas, come between the convex surface of the ^Jf^ 
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and the thoracic or abdominul wall, the vertical measurement of the he- 
patic dulness is ditninislied, as over tbe lower part of the liver the non- 
resonant percu:ision*sound gives place to aloud tympanitic note, while the 
dull sound proper to the left lube may almost totally disappear. It is usu- 
ally the transverse colon which, when inflated with intestinal gases, rises 
in front of tbe liver and masks the percussion -dulness of its right and left 
lobes; the area of non-resonance corresponding to the left lobe may also 
be invaded and reduced in size by distention of the stomach. 2. The he- 
patio dulness is encroached upon when the upper surface of the liver is in 
^reat part covered over by emphysematous lung; its upper limit sinks 
very oonfiiderably, while its lower limit is pushed downwards into tbe ab- 
domen to but a verv slight degree. 3. Similarly, a very decided reduc- 
tion in the area of tfie hepatic dulness takes place when the liver is driven 
upwards by asaites, intestinal meteorisni, or large ovarian tumors, as a 
much larger portion of the convex surface of the liver is thus caused to 
pass behind the anterior lower margin of the lung. 4. Finally, a decrease 
in the extent of the hepatic dulness is also observed in certain rather rare 
coses in which, in consequence of perforation of the intestine (as in ty- 
phoid fever) gas finds its way upwards between the Uver and the thoracic 
or abdominal wall. 

Actual diminution of the area of hepatic dulness is due to contraction 
of the liver, arising specially from cirrhosis and acute yellow atrophy. 

In cirrhosis of the liver the contraction of the organ is often very 
marked. It may become difBcult or even impossible to demonstrate any 
diminution in the extent of the hepatic dulness, on account of the ascites 
which invariably accompanies cirrhosis, the non-resonant hepatic area be- 
ing continuous inferioriy with the dulness associated with the ascites, 
while its superior boundary is found at its normal level or even somewhat 
lower, if the liver be pushed upwards and so brought more fully under 
cover of the lung. If, on the other hand, the ascites bo but trifling one 
can generally convince himself — always, if the Huid be drawn off by punc- 
ture — that the dulness which represents the right lobe of the liver is di- 
minished in height, and often that of the dulness corresponding to the 
left lobe no trace is discoverable." 

The most extreme degree of contraction of the lis-er occurs in the 
course of acute yellow atrophy. The liver, in this affection, may very 
rapidly become so small as to sink quite to the back of tbe abdominal 
cavity and lie against the vertebral column. Coils of intestine then come 
ill between the liver and the chest-wall, and the pulmonary percussion- 
sound may, as I observed iu one case, in the front and side of the chest 
pass directly into the tympanitic intestinal sound. 



Pkkcussion of tuk Splkkn. 

The spleen lies deep in the left hypochondrium, its long diameter be- 
ing directed obliquely from above and behind, downwards and forwards. 
Its upper or posterior end is situated close to the body of the tenth dor- 
sal vertebra, in the concavity of the diaphragm, and under the edge of 



• In one ciu>e of drrhosia which T wiwtheaBcites was onceedin-ly alight in amcraat, 
■ o«>ni]itinii wtiiob won obviooslr owing to tbe fact that the patient had almnat daily, 
duriiiK a period of fevenil weeks, a very proFiise wat«rj dinohnrge from the bowel; tha 
f—1'"''—- ol the livet wu for this reason veiy easily demoDstrsble. 
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the left lung, while its lower or anterior end is found behind the eleventh 
rib near its free termination, that is, somewhat posterior to the middle 
axillary line. The anterior border of the spleen runs parallel with the 
ninth rib, the posterior parallel with the eleventh. The or^an is more or 
less rounded at its upper and lower ends. 

Percussion of the spleen can be carried out equally -well while tbe 
patient is in the sitting, standing, or recumbent posture; but in those 
cases in which the organ is enlarged, forming a tumor "which projects 
beyond the margin of the arch of the ribs, percussion must be practised 
not only with the patient in the upright position, but also while he is re- 
cumbent and, as the spleen is placed at some distance from the front of 
the trunk, turned somewhat to the right. The result obtained by per- 
cussion varies a little, however, according as the person under examint- 
tion assumes the one or the other position. When he reclines on the 
right side the splenic dulness is displaced and slightly diminished in 
area; it shifts, as the spleen sinks and is turned still further forward (in- 
ward) at its lower end, in such a way that the direction taken by its long 
diameter is no longer diagonal, as in the standing posture, but more 
nearly horizontal; it is then also diminished in area, by the descent (2— 
3 ctm. in extent) of the lower margin of the left lung, whereby a larger 
part of the upper (posterior) end of the spleen is hidden by pulmonaiy 
tissue, the lower (anterior) end of the organ falling downwards. This 
displacement and diminution in size of the splenic dulness is recognized 
by comparing the areas of dulness obtained in the upright and right 
lateral positions; the difference is often quite perceptible even while the 
spleen is normal in volume, but is much more obvious when it is enlarged 
It is in almost every instance advisable to percuss in both positions alter 
nately, as a comparison of the outline of the non-resonant areas provides 
a convenient test of the accuracy of the results of this method of investi- 
gation. 

The spleen, being of comparatively small size, only 2^ — 4 ctm. in 
thickness, and surrounded on almost all sides by air-containing organs, 
gives a sound to percussion which is much less dull than that of the liver. 
In adults frequently, in children generally, the splenic sound is not abso- 
lutely dull, but merely slightly muffled and at the same time of tympa- 
nitic quality; the percussion-stroke employed must therefore be gentle, 
otherwise vibration will be set up in the adjacent structures (the lungs, 
stomach, and colon), and the muffled splenic sound will be almost lost in 
the clear sound so awakened. The stroke must also be delivered in the 
respiratory pause, as during inspiration the greater part of the upper end 
of the spleen is sheltered behind pulmonary tissue; a very deep and full 
inspiration may even cause the splenic dulness to disappear entirely. 
Even after complete expiration, however, nearly the whole upper third 
of the organ, about 4 ctm. in length, remains covered by lung; this por- 
tion of the spleen is accordingly not definable by percussion, — though 
exactly the contrary has been maintained by some authors. At that part 
of the posterior thoracic surface which coincides with this upper segment 
of the spleen, that is, in the space lying between the ninth and tenth do^ 
sal vertebrae and the scapular line, no diminution in the intensity of the 
percussion-sound is heard, the note being uniformly clear quite up to the 
lower border of the lung. As the upper third of the spleen is thus too 
deeply seated to be recognizable by percussion, it follows naturally that 
the long diameter of the organ as indicated by this method of examina- 
tion is one-third shorter than it really is anatomically. 
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In percussing from above downwards — preferably without the ham- 
mer — between the left middle and posterior axillary lines, the patient 
being in the standing posture and having his left arm slightly raised, dis- 
tinct dulness is first obtained usually at the upper border of the ninth 
rib, and at the same time the sense of resistance experienced in the finger 
is increased; this marks the superior boundary of the splenic dulness. 
This area of non-resonance extends downwards to the eleventh rib or to 
its lower border, which is therefore regarded as the inferior boundary 
of the splenic dulness; the muffling of the percussion -sound ceases at this 
point, and is replaced by the clear note yielded by the bowel. Posteriorly 
the splenic dulness is bounded by the scapular line, from the ninth to the 
eleventh rib; its anterior limit coincides almost exactly with the middle 
axillary line, also between the ninth and eleventh ribs. — The long diame- 
ter of the splenic dulness measures about 7 — 8 ctm., its greatest breath 
5 — 6 ctm., while the actual length of the spleen itself is on the average 
about 12 ctm., and its breadth about 8 ctm. 

Whilst the spleen is easily definable between the ninth and eleventh 
ribs in the axillary line, the delimitation of its anterior and posterior 
borders in their whole extent is an undertaking of much greater difficulty, 
and one which sometimes cannot be satisfactorily accomplished. This is 
accounted for by the anatomical relations of the organ. Thus, the upper 
part of its posterior border lies deeply sunk behind lung-tissue, and is 
therefore not traceable by percussion; the middle and a portion of the 
lower part of the same border, also, run up to and overlap the convex 
edge of the kidney, so that in this direction the splenic dulness is con- 
tinuous with and indistinguishable from the renal dulness. There remain 
accordingly of the posterior border only two small portions, an upper and 
a lower, which may be isolated by percussion from the adjoining resonant 
pulmonary area. These points being found they should be connected 
oy a slightly curved line, which will include and indicate with substantial 
accuracy those other points, lying between the two extremities of the 
line, which are not distinctly demonstrable by percussion. The anterior 
border of the spleen, covered, like the posterior border, by lung in its 
tipper third, comes in its lower two-thirds into somewhat close proximity 
to the greater curvature of the stomach, while its lowest third is in im- 
mediate relation with the splenic flexure of the colon. If the stomach be 
dilated, as after a hearty meal, the tympanitic or ringing metallic sound 
which it then gives modifies the dulness not merely of the anterior part 
but of nearly the whole of the splenic area. The colon, also, when dis- 
tended with gas, encroaches on the splenic dulness. 

The changes in form and dimensions which the splenic dulness under- 
goes may be caused by dislocation of the spleen, by apparent and by 
actual enlargement of the splenic area. 

Very deep respiration is attended by a slight dislocation of the spleen. 
In inspiration the organ sinks somewhat in the abdominal cavity, but the 
space which it renders dull to percussion becomes smaller, as its upper end 
is more fully shut in by pulmonary tissue. In tranquil inspiration, how- 
ever, no downward displacement of the lower limit of the spleen is notice- 
able. The spleen is pushed still further from its normal situation, and its 
area of dulness to a similar extent reduced or even caused to disappear, 
by left pleuritic effusion, pneumothorax, and pulmonary emphysema. In 
cases of pleurisy in which the fluid is so abundant as to occupy the front 
as well as the back part of the pleural sac, the splenic dulness and that due 
to the presence of the effusion cannot be defined from each other; if the 
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margin of the lung creeps downward over the upper part of the spleeo to 
a considerable distance, whilst the actual descent of the org-an, due to d» 
pression of the diaphragm, is comparatively trifling. — If the spleen ba 
dislocated upwards, as from ascites, its area of dulness is not traceabUoi 
the surface; if the displacement be the result of an extreme degree of 
meteorism, the splenic dulness is invaded and lessened in size, as dd tbt 
one hand a larger portion of the spleen is covered by lung, and oo the 
other the dull sound it renders to percussion isont' 
boniB by the loud and clear intestinal note. — If the 
dislocation be complete, if the spleen have, in other 
words, become movable, percussion -dulness is to- 
tirely wanting in the region corresponding to tb* 
normal anatomical situation of the organ. 

Apparent enlargement of the splenic dulnescia 
produced when the hollow or air-containing oiysni 
in its immediate vicinity are from any cause tr«ii»- 
formed into solid, airless structures." The duln«u 
of these solid organs then becomes continuous witk 
that of the spleen. This is what takes place in cuei 
of effusion confined to the posterior lower part □( 
the pleural cavity, consolidation of the lower loba 
of the left lung, engorgement of the colon willi 
fxcal masses, tumors of the liver of such dimenaotis 
that they reach over to the spleen, &c. Careful ei- 
amination, however, will suffice to establish the diag- 
nosis of apparent enlargement of the splenic duliietf 
from actual increase in the volume of the spleen 
itself, the former condition being cbaracteritei] by 
an irregularity of form which is strikingly different 
from its normal oval or rhomboidal outline, aud bf 
pio. sfl.-unM ■boiHnB ^^^ t'*';^! absence of the usual shifting of the ua> 
^^™ime oi .piwn Khra of dulness on altering the attitude of the patteot, 
as on changing from the upright to the recumbent 
posture on the right side. The other methods of physical esamination 
also at once suggest the merely apparent character oi the augmentalko 
of the splenic dulness and indicate its special causes. 

Actual enlargement of the splenic dulness is the result of enlug^ 
tnent of the spleen itself. The non-resonant area is normal as regardi 
shape, but is increased in size in alt directions; the lines therefore whidi 
are represented above as bounding the normal splenic dulness are set 
more widely apart, on account of the lengthening of the vertical tnJ 
transvrrse diameters of the splenic area. The extension of the dulneu 
takes place most commonly downwards and backwards, when the swelling 
of the spleen is moderate in degree; when this is still greater the orgM 
passes beyond its normal limits anteriorly as well as in the other (lir»- 
tions, and when the tumor is of unusual dimensions it pushes I 
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phragm upwards* before it into the thoracic cavity, and percussion then 
shows that the upper boundary of the spleen occupies a much higher 
position than normally. 

As enlargement of the spleen is invariably attended by increase in 
the thickness (the antero-posterior diameter) of the organ, the intensity 
of the dulness is also always much greater than over the normal spleen; 
the percussion-sound of a large splenic tumor is as absolutely dull as that 
heard over the liver, while the sense of resistance experienced in the per- 
cussing finger is augmented to a very unusual degree. The larger the 
spleen becomes in all its diameters the more easily definable is it by per- 
cussion, the influence of the sounds given by the parts in the vicinity 
being eventually completely neutralized as the hypertrophy of thp organ 
goes on. 

If the spleen forms a distinct tumor, protruding from under the arch 
of the ribs, it must, except in some rare cases of dislocation (movable or 
wandering spleen), be regarded as enlarged. When it comes down in 
this way into the abdomen examination by percussion may almost be said 
to be superfluous, as much clearer and more definite information may then 
be obtained by palpation. The signs which a splenic tumor gives to pal- 
pation are so distinctive as very seldom to leave any doubt as to the real 
nature of the swelling under consideration (see p. 248). As a confirm- 
atory test, however, percussion is here of some importance, as it shows 
that the line of dulness is unbroken between the normal splenic area in 
the lower thoracic region and the non-resonant space corresponding to 
the tumor. 

Tumors of the spleen may be unrecognizable by percussion, or recog- 
nizable only with difficulty, if there be much meteorism or ascites present. 
If the swelling reach to a point considerably below the level of the ribs, 
however, it may always be determined, if not by percussion, at least by 
palpation, especially if pressure be made with the hand firmly and sud- 
denly, in such a way as to displace the fluid for a moment. 



Pebcussion of the Stomach. 

A small portion of the anterior surface of the stomach, and the larger 
part of its great curvature, are in direct contact with the abdominal pari- 
etes anteriorly; the rest of the organ is covered over, partly by the left 
lobe of the liver and partly by the left lung. This portion of the stomach, 
that which in front touches the wall of the abdomen, is bounded towards 
the right by the left lobe of the liver, and superiorly by the lower border 
of the left lung, which turns backwards behind the sixth and seventh ribs, 
to the outside of the apex of the heart; the lower border of the stomach, 
its larger curvature, crosses the epigastrium from the left lobe of the 
liver to the left hypochondrium in a curved line situated nearly midway 
between the point of the xiphoid process and the umbilicus, inclines up- 
wards and outwards opposite the free end of the tenth rib, and at the 
level of the sixth rib, in the anterior axillary line, meets the upper boun- 
dary of the organ. These are the limits of the stomach when it is in a 
state of only moderate distention. 

* In one case which I observed, m which the whole abdomen was filled by an 
enormoua splenic tumor, the apex of the heart was found beating at the level of the 
fourth rib ; immediately below this point alao the absolute splenio dulness began. 
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It follows from what has lust been stated that it is never ponibk to 
delimit the stomach in its whole circumference bj means of percussion, but 
only so much of it as is not overlapped by other organs and is in immedi- 
ate relation with the anterior abdominal wall. In examining the stomadi 
the patient should be placed on his back, this being the most conYenieot 
position for percussion in this region. The upper limit of the stomtdi 
should first be found, the line along which the clear pulmonary note gives 
place to one which is tympanitic in quality; the boundary of the gastiie 
area towards the right may then be determined by following the edge of 
the hepatic dulness till it ends in the lower margin of the cardiac dulnes; 
the delimitation of the superficial gastric area is completed by tracing 
the course of its lower border, which coincides with that of the greatff 
curvature of the stomach (see above). The close proximity of the trani- 
verse colon, however, often proves a serious obstacle to the proper carry- 
ing-out of this proceeding, as the percussion-sounds of the great intestine 
and the stomach are sometimes exactly alike both in intensity and pitch, 
wiien all that can be accomplished is usually merely to fix certain poinU 
in the line of the lower boundary. In other cases, however, when the 
sound of the colon is higher in pitch than that of the stomach, the coarse 
of the larger curvature may be made out with much greater precision. 
The percussion -sound in the gastric area just described is generally load, 
clear, tympanitic, and of low pitch. 

The gastric percussion-sound undergoes many modifications both in 
quality and in the extent of surface over which it is audible, according 
as the stomach is empty, partly filled, or completely and fully distended 
by its contents. 

When the stomach is empty a deep and clear tympanitic note is 
heard over its whole extent; but if it be so fully occupied by fluid and 
solid matters that but little space is left in it for air, the region of tympi- 
nicity is diminished in size, and at the dependent parts of the great cur- 
vature the sound is often muffled, when it becomes easy to distinguish it 
from the tympanitic sound of the transverse colon, provided also that this 
part of the intestinal canal is not in a similarly overloaded condition. If 
the stomach contain only a moderate quantity of solid matters there is no 
muffling of the percussion-sound; if there be also a considerable volume 
of air present the sound may even be tolerably clear, so much so as to 
become indistinguishable from that of the colon. — When the stomach is 
overchar<re(l with food the tympanitic gastric area is also considerably 
altered in extent, the above-described lower boundary-line, representing 
the larger curvature, being shifted further downwards, to a greater dis- 
tance from the upper limit of the tympanicity proper to the stomach (the 
sixth rib); the somewhat crescentic gastric area is thus increased in diame- 
ter, it includes the whole left hypochondrium, overspreads and masks the 
anterior part of the splenic dulness and to some degree also that part of 
the hepatic dulness which marks the left lobe of the liver. — If the stom- 
ach be widely dilated by gas, so that its walls are in a state of consider- 
able tension, a metallic quality is noticeable in the percussion-note over 
a greater or less area, when the ear is held close to the spot percussed or 
when instead of the hammer a small metallic rod is used (see p. SO). 
Were it possible to elicit this metallic sound over the whole of the gas- 
tric area, we should have in this system of percussing with a small rod of 
metal a means of fixing the boundaries of the stomach with almost abso- 
lute exactness. This method of examination has been elaborated particu- 
larly by Leichtenstern, but the results it yields are far from being per- 
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fectlj satisfactory as the metallic sound so produced is not only not heard 
over the whole of the region corresponding to the stomach, but is also 
sometimes audible over the transverse colon when it is inflated with gas. 
^-There is still another method, however, described by Frerichs,* whereby 
the outline of the stomach may be traced on the surface with somewhat 
greBter precision. To the patient to be examined is administered a quan- 
tity of tartaric acid, followed up by a like quantity of bicarbonate of 
soda dissolved in water; effervescence takes place freely within the stom- 
moh, which is soon distended by the carbonic acid gas disengaged. When 
in this condition the stomach, which often forms a visibly prominent 
■welling in the epigastric region, gives a deep, tympanitic, and metallic 
percussion-sound, frequently of a strikingly di^erent character from that 
Tendered by the transverse colon. — Another method sometimes*' adopted 
to distinguish stomach from bowel by percussion, is to fill the former 
"with fluid, when the sound obtained along its lower border, the patient 
being in the upright position, will be found to be dull. 

Ihe tympanitic gastric area which is here represented as associated 
irith a medium state of dilatation of the stomach, may appear to be dis- 
located, increased, or decreased in size. 

The stomach is dislocated downwards in those conditions in which the 
diaphragm is depressed, — copious pleuritic effusion, pulmonary emphyse- 
ma; it is displaced upwards when the diaphragm is caused to rise to a 
higher level in the thorax, as by ascites, or large abdominal tumors. 

The gastric resonant area is diminished by tumors of the liver and 
spleen, when these are sufficiently large to encroach upon the stomach to 
any extent. 

Enlargement of the space which the stomach renders tympanitic to 
percussion occurs in cases of pathological dilatation of the organ. It is 
one of the signs frequently observed in gastric catarrh of long duration, 
and more especially in connection with stricture of the pylorus; in these 
circumstances the stomach is dilated along its greater curvature, its lower 
boundary sinks sometimes even as low as the umbilicus, while to the right 
it may extend far over the middle line, and to the left may pass beyond 
the axillary line, so that the whole upper, and occasionally also the mid- 
dle portion of the abdominal cavity is occupied by the dilated organ. 
Throughout the whole of this region the percussion-sound is tympanitic, 
and at some parts may possibly be of a ringing metallic character, if the 
stomach contain chiefly air and only a relatively small proportion of fluid. 
If the stomach -con tents consist mainly of fluid, and if the abdominal wall 
be soft and lax (as it generally is, these cases being usually marked by 
excessive emaciation), the gastric percussion-sound undergoes consider- 
able modification on altering the position of the patient, and in this way 
the delimitation of the part may be greatly facilitated; thus, in the up- 
light position the fluid gravitates to the lowest level within the stomach, 
and the sound along the greater curvature becomes much less resonant 
and more readily distinguishable from the clear tympanitic note of the 
colon. The lateral limits of the stomach may be determined in like man- 
ner, by turning the patient first to the right and then to the left side; the 
fluid, as before, seeks the lowest level, when the previously clear tympa- 

* In like manner Schreiber has proposed to pass into the stomach an oBsophageol 
kibe, to which is attached a small india-rubber balloon ; this balloon when it reaches 
khe stomach, is inflated by blowing through the tube, and the organ is in this way 
distended with air. 
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nitio perouBsion-sound at the points to which it sinks becomes feebkraoi 
duller. 

The signs which the dilated stomach presents to inspection aod pal- 
pation (see pp. 241 and 251) are often of the greatest value as aids to 
percussion in determining the limits of the affected organ; frequentlj, 
indeed, these are the only indications which can be trusted to in tbediif- 
nosis of the condition under discussion. In several cases of enonnoiif 
dilatation which have come under my own notice the fi;-reater curvature of 
the stomach was recognizable as a well-marked, slightly prominent line or 
elevation which crossed the abdomen below the umbilicus, and which, oa 
being smartly rubbed with the hand, showed peristaltic movements in re- 
lief with surprising distinctness. In two of these cases, in order todefine 
the lower gastric boundary from the colon by means of percussion, I emp- 
tied the stomach with the stomach-pump and injected 4 — 5 kilogramme 
of water; then only did the previously tympanitic sound become duU. 



Pebcussion of thb iNTBSTnnc 

The percussion-sound of the great and small intestine is, in health, al- 
ways tympanitic. The pitch of this tympanitic sound is different at dif- 
ferent points on the abdominal surface, and is subject to constant Tuia- 
tion; tins alteration in pitch is in general caused by the very variable 
condition of the bowel with regard to the amount of gaseous and solid 
matters it contains, and by the consequent variation in the tension of the 
walls of the intestine. Though a definite statement, therefore, of the 
points at which the tympanitic percussion-sound will be found to be lower 
or higher in pitch cannot be made, the general rule may nevertheless be 
laid down, that over the small intestine the sound is higher in pitch than 
over the large intestine. 

The tympanitic intestinal sound is most exquisitely developed at those 
points at which the abdominal coverings are not too tense, at which, ac- 
cordingly, they do not interfere with or muffle the percussion-note. It 
is thus always more or less diminished in resonance when the patient 
stands, this being the result chiefly of the tension of the recti muscles; a 
larcre accumulation of fat in the subcutaneous tissues has the same effect 
on the sound. 

The raising and lowering of the pitch of the tympanitic intestinal 
sound so often observed in disease are generally referable to definite 
pathological causes. If there be an unduly small proportion of gaseous 
matters present in the intestine the latter is diminished in calibre, (as in 
ascites, in which the fluid presses on the bowel), and its percussion-sound 
rises in pitch; thus, in a case of ascites in which the small intestine is 
compressed into much less than its normal bulk, the sound above tbe 
level of the effusion is acutely tympanitic. — When, on the other hand, 
the bowel is tensely inflated with gas, the abdominal percussion -sound 
becomes deeper in pitch, but not tympanitic ; this is observed, physio* 
logically, after a heavy meal; pathologically it occurs in peritonitis, in 
typhoid fever (from paralysis of the muscular coats of the bowel), and in 
cases of stricture of the intestine, from the obstruction set up to the on- 
ward passage of the intestinal contents. The sound is lowered in pitch, 
because a larger body of air is thrown into vibration, but it is not ren- 
dered tympanitic, as the wall of the intestine as well as the air it su^ 
rounds is caused to vibrate (see p. 69). 
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If a portion of the bowel, situated above a stricture, be widely die- 
tended with gas, a rinii;ing metallic percuss ion- sound is heard over it, 
while below the point of constriction the whole intestinal tube is reduced 
in lumen and therefore gives no such sound to percussion. 

The intensity of the tympanitic note varies very much at different 
points on the surface of the abdomen, these changes being dependent on 
the amount and nature of tlie intestinal contents. The more solid the 
matters lying in the bowel, and the less the proportion of gas mixed up 
with them, the less the intensity of the tympanitic sound. Thus, at those 
parts beneath which lies the intestine loaded with large masses of fiecal 
material, the sound acquires the dull tympanitic character; in the left 
iliao region particularly, when the descending colon is filled with retained 
excreta, the percussion-note is less clear than at the corresponding point 
on the right side. Nevertheless the sound is never absolutely dull, even 
when the accumulation becomes enormous in amount.* 

If, on the other liand, the intestine contain little solid matter but a 
large quantity of gas, the percussion-sound becomes very loud, but, at 
the same time, loses its tympanitic character if the intestinal walls are so 
tense as to be capable of entering into simultaneous vibration. 

Accumulation of gas in the peritoneal sac, most commonly the result 
of perforation of the intestine, sometimes also owing to the disengage- 
ment of gas from a putrid peritoneal effusion, and in rarer cases caused 
b^ the bursting of a pyopneumothorax through the diaphragm, may give 
nse to the same intumescence of the abdomen as intestinal meteorism. — 
The percussion -sound in such cases is often in no way different from that 
of the last-mentioned affection; occasionally, however, it is of a ringing 
metallic quality. Further, if the gas burrow upwards between the ante- 
rior surface of the liver and the abdominal parietes, that is, to the highest 
point within the abdomen when the patient lies on his back, forcible per- 
cussion elicits a clapping or flapping sound, resembling that obtained 
over the stomach or bowel after removal from the body, due to the col- 
lision of the flaccid and only partially distended wails of these parts when 
■truck with the percussing instrument. In both instances the sound 
originates in the sudden escape of the layer of air which la compressed by 
the percussion-stroke.f In cases of this nature, also, percussion of the 
lower and posterior parts of the abdomen usually reveals the presence of 
fluid effusion, as along with the intestinal gases a quantity of the liquid 
contents of the bowel escapes into the peritoneal cavity, and this very 
speedily excites a diffuse peritonitis with exudation, if the orifice in the 
intestinal wall be not at once closed by adhesive inliammation. 

It is hardly possible to confound intestinal meteorism with an accu- 
mulation of gas in the peritoneal sac, in view of the violence of the symp- 
toms by which the latter accident is attended, — the signs of perforation 

* Barth record* (be case of a bov who preHented two Inrg^ inteatinnl tiecnl tumors, 
one of whioh measureil 13 ctm. in diamEiter. over whicb tbe percadsioQ-naund vrnn not 
absolutely doll, but o{ dull tympanitic quality. Tbe maiia which occupied the bowel 
waa fnand, at the post-mortem eiamiDalioii. t^i wei^h li kilogrammeB. 

f Cbomjakoff, on the contrary, explaioB the clnpping nonnd heanl on percuraing 
when bobbies of gna are interposed between the Uvei and the Bbdominal ooverings oa 
canned by ibe shock of these parts nj^ainst each other when subjected to an eaerg^tio 
■troka. Tbe explanation offered above, hovever. neema to me more natural and more 
in accorl with that which ia roost generally reoopiiKed a« aatiafaetory in the case of 
the bruit de pot f<JS, — a pheuomeoon to whioh tbe aign ondei discuuion presenta a 
close analogy. 

18 
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this diagnostic aid is of least moment as a method of examination, the 
nature of the affection being evident enousrb from the other signs. 

Percussion indicates also the level to which the effusion reaches in the 
• abdominal cavity. Over the whole space taken up by the fluid, as far as 
it> margin, the sound is dull; above this poiiit, in the region correspond- 
ing to the situation of the intestine, the sound is clear, while the traosi- 
< tion from dulness to perfect resonance is marked by a zone in which the 
percussion -note is muflled. 

In cases in which the effusion is excessive in amount it is sometimes 
found to be impossible, when the patient is in the erect posture, to de- 
termine with absolute accuracy the upper margin of the body of fluid, 
tbouirh it may usually be de- 
fined to within ^I'ctm. of 
its Bcfual limit; this is owing 
to the muQIing effect which 
the great teiiaiun of the up- 
per part of the abdominal 
wall has on the percusaion- 
■oond. This degree of pre- 
cision, however, is not de- 
manded, as it is of no great 
practical value in deciding 
the question whether the fluid 
■bould or should not be dis- 
obarged by operative punc- 
ture ; the most weighty eon- 
wderation in this respect is 
tile amount of pressure the 
fluid exercises on the dia- 
phragm, and consequently 
the degree of dyspntea there 
is present, or the possible 
danger of suffocation. The 
operation is always perform- 
ed at the most dependent 
pari of the ahdomen. 

Ascites may occur alone 
or may be associated with 
general cedema of the subcu- 
taneous oejlular tissue. As- 
<nte8 unconnected with any 
other form of fluid effusion is 
observed in those diseases of 
the abdominal organs which 
pve rise to engorgement of thi 
eases of the liver (cirrhosis) and 
of the peritoneum, — cancer, and more r 
also found accompanying general dropsy, 
ent on congestion of the systemio veins, 
affections, or on diseases which lead to 
in respect of albumen, such as nephritis, a 
Boys, &c. In all these condiiions ascites 
baa appeared in other parts of the body, — 
usually only when the dropsical effusion has reached as high as the thigh. 




■oplnlor. 



porta! circulation, particularly in dis- 
I the different varieties of degeneration 
more rarely tuberculosis, — Ascites is 
hether the latter be depend- 
3 in cardiac and pulmonary 
■npoverishment of the blood 
yloid degeneration of tbekid- 
; observed only after cedema 
heart diseases, for example, 
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and subsequent peritonitis. The principal physical sign on which the 
diagnosis of the entrance of intestinal gases into the peritoneum is based 
is the disappearance of the hepatic dulness on both sides of the median 
line, as the bubbles of gas seldom fail to make their way upwards to the 
highest part of the cavity (see also the section on auscultation^ p. ^2). 



Fluid Effusion in the Peritoneum. 

An effusion whicb does not rise above the pelvic cavity is not discov- 
erable by percussion ; as it increases gradually in quantity, however, and 
jextends upwards into the abdomen, it renders dull the percussion-sound 
over more and more of the lower abdominal region when the patient 
stands erect. When the whole abdomen is filled with the fluid the sound 
is at all points dull, but the dulness becomes absolute only when the effa- 
sion is so abundant as to press heavily on the bowel, the latter being thns 
to a great extent emptied of air and so compressed as to occupy much 
less space than normally. Nevertheless, on sinking the plexi meter deeply 
into the abdominal tissues, and in this way pushing aside a portion of 
the fluid, the previously dull sound is made somewhat clearer by the ac- 
companying tympanitic intestinal sound. Very frequently the air-filled 
coils of intestine are floated up on the surface of the fluid, and are therefore 
detected above the area of dulness; in such circumstances the sound will 
be found to be of clear tympanitic quality on percussing with a gentle 
stroke, and of the dull tympanitic variety on percussing forcibly and 
pressing the pleximeter firmly down. — If the ascites be moderate in de- 
gree the dulness is always attended by the tympanitic intestinal sound. 

The percussion-sound in ascites undergoes various modifications on 
changing the attitude of the body, as the fluid, in obedience to the laws 
of gravitation, subsides to the most dependent parts of the abdomen. On 
turning to the right side, accordingly, it sinks to the right, and to the 
left on turning to the left side, the sound invariably becoming dull at the 
deeper parts, and clear (tympanitic) in those which are for the time 
being uppermost and which are occupied by the movable mass of the in- 
testines. Similarly the sound in the lower abdominal region, which in 
the upright position is rendered absolutely dull by the subsidence of the 
ascitic fluid to that part, clears considerably in the dorsal recumbent pos- 
ture, as the effusion is then more equally diffused throughout the abdom- 
inal cavity. This modification of the percussion-sound with the varyino^ 
attitude of the body is quite as positive an indication of the presence of 
free fluid in the abdomen as the sensation of fluctuation formerly de- 
scribed; it is a point therefore of high diagnostic importance, and one of 
which full advantage is always taken in the examination of cases of 
ascites. In doubtful cases, in which the effusion is limited to the deeper 
parts of the abdominal cavity, and is not abundant enough to yield the 
sensation of fluctuation, or to give rise to any very distinct muffling of 
the percussion-sound, a comparison of the sounds obtained in the flanks 
in the dorsal recumbent posture and in the right and left lateral positions 
is of itself generally sufficient to justify a positive diagnosis. It is onlj 
when the peritoneal effusion is unusually abundant that the percussion- 
sound of the uppermost side does not become quite clear, as the whole of 
the fluid does not then sink to the lowest part of the cavity. Neverthe- 
less, even here the difference between the sounds is quite appreciable; it 
is obvious also that it is precisely in these extreme cases of ascites that 
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nature of the affection being evident enouj^h from the other signs. 

Percussion indicates also the level to which the effusion reaches in the 
abdominal cavity. Over the whole space taken up by the fluid, as far as 
its margin, the sound is dull; above this point, in the region correspond- 
ing to the situation of the intestine, tlie sound is clear, while the transi- 
tion from dulness to perfect resonance is marked by a zone in which tho 
percusaion-note is muffled. 

In cases in which the effusion is excessive in amount it is sometimes 
found to be impossible, when the patient is in the erect posture, to de- 
termine with absolute accuracy the upper margin of the body of fluid, 
though it may usually be de- 
fined to within j — 1 ctm. of 
its actual limit; this is owing 
to the muffling effect which 
tho great tension of the up- 
per part of the abdominal 
wail has on the percussion- 
sound. This degree of pre- 
cision, however, is not de- 
manded, as it is of no great 
practical value in deciding 
the question whether the fluid 
should or should not be dis- 
charged by operative punc- 
ture ; tlie most weighty con- 
sideration in this respect is 
the amount of pressure the 
fluid ejiercises on the dia- 
phragm, and consequently 
tba degree of dyspneea there 
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—Ascites is also often complicated by cedema of the abdominal walL— 
The possibility of miatakiiig- ovarian dropsy for ascites, vrhicb was referred 
o when treating of palpation (see p. 2o8), arises only when the wall of the 
n cyst is enormously diutended with fluid, becoming so thin that it 
oaiinot be felt through the abdominal tissues, the tumor then giring orer 
its whole surface a uniform 
feeling of fluctuation. Thwe 
ftlTectioiis are distinguished 
from each other partly by ilie 
results of vagioal examina- 
tion, by which means the cyst 
may be reached with the fin- 
ger, and partly by percussing 
while the patient is placed 
in the vanous positions al- 
ready described ; in asciles 
■sound Taries 
with every change ofattituds 
on the part of the patient, 
I dropsy it does not. 
lly, howerer, the 
are comlMne^ 
ing either f mm 
independent of 
ffecLion or from 
of the orarian 
portal vein. So 
is of mode- 
le exisienre 
side by side of both afTectioni 
mny almo 

monslrated by palpation and 
percussion ; tlie cyst mav be 
defineii by palpation, while 
the presence of the fluid 
around it is shown by the 
percussion-duiness to which 
It gives risp when the patient 
lies on her back, and by the change in the percussion -sound when sbe 
turns to one or other side. 

In the event of the diagnosis being still doubtful even after careful 
physical examination, the manner in which the disease has developed, 
the presence or absence of morbid changes in the other organs, and imny 
other incidental signs which may have a bearing chiefly on the particular 
case in hand, serve to distinguish clearly enough between ascites and 
ovarian dropsy. 

ExcTSTKD Peritoneai. Effusions, 

These are formed by the adhesion of neighboring parts to each p_ 
from inflammation of tlieir peritoneal envelope, and the inclusion of t 
inflammatory exudation witliin the space so shut in. Peritoneal eSunon 
may be encvsted at any point within the abdomen ; this occurs relatively 
most often in the ileociecal region, where it is caused either by infli 
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tion of the caecum and of the peritoneum, or by perforation of the pro- 
cessus vermiformis. 

The percussion-sound at the parts at which the fluid is confined is dull 
or muffled, the intensity of the dulness, other things being equal, being 
dependent on the amount of the exudation. The sound undergoes no 
alteration on changing the attitude of the body, a point which distin- 
guishes it at once from free peritoneal effusion; fluctuation is wanting 
also, or is only feebly appreciable over a very circumscribed area. 

The differential diagnosis between encysted exudation and tumors, 
local affections which may present substantially the same signs to palpa- 
tion and percussion, is based on a consideration of the further details of 
the clinical examination, the history of the case, the origin and course of 
the disease, &o. 



PSBCTTSSION OP THE KiDNEYS. 

It is practically impossible to delimit the kidneys with any degree of 
precision by means of percussion. This fact is explained by the anato- 
mical relations of the organs. In the first place, those parts of the pos- 
terior abdominal wall which coincide with the anatomical position of the 
kidneys (the space included between the lower edge of the eleventh dor- 
sal and the upper edge of the third lumbar vertebrae, according to 
Luschka), are covered by a thick layer of muscles, the sacrospinalis and 
quadratus lumborura, which of itself produces a very considerable muf- 
fling of the percussion-sound. Further, the kidneys in the greater part of 
their extent are in immediate relation with organs which give a dull 
sound to percussion : thus, the upper end of the right kidney is over- 
arched by the lower edge of the liver, the upper part of the left kidney 
borders on the spleen, the inner concave margins of both kidneys lie close 
to the transverse processes of the vertebrae, — all parts of which are non- 
resonant to percussion. At only two points are the kidneys in contact 
with air-containing organs : they are in apposition with the colon along 
the lower half of their external convex border and at their lower ends, at 
which spot therefore the dull renal sound and the tympanitic note yielded 
by the colon may be sharply defined from each other. The capsule of 
fat in which the kidneys are embedded should also be mentioned as one 
of the factors which tend to increase the uncertainty which attends the 
delimitation of the organs by percussion. When this fatty envelope is 
well-developed it may, according to the measurements of Pansch, be as 
thick below the kidneys as the kidneys themselves in their middle por- 
tion ; in such cases therefore, which are far from being rare, the renal 
dulness extends further downwards than is in keeping with the position 
and size of the organs. In fact this dulness, notwithstanding that the 
lower end of the kidney comes generally only to within 3 — 5 ctra. of the 
crest of the ilium (Pansch), often reaches to very near this bone, where 
it is lost in the tympanitic note given by the colon. 

From the foregoing account of the relations of the parts, it will be 
obvious that at its upper and inner borders the kidney can not be deline- 
ated on the surface by means of percussion, that even at its lower end this 
can be accomplished only very imperfectly, and that the sole portion of 
the renal area that can be clearly marked off from the adjacent colon is 
its outer convex margin, from about the middle downwards, situated usu- 
ally at 10 ctm. from the spinous processes of the corresponding lumbar 
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the left lung, while its lower or anterior end is found behind the eleventh 
rih near its free termination, that is, somewhat posterior to the middle 
axillary line. The anterior border of the spleen runs parallel with tlie 
ninth rib, the posterior parallel with the eleventh. The orgsn is wore or 
less rounded at its upper and lower ends. 

Percussion of the spleen can be carried out equally well while the 
patient is in the sitting, standing, or recumbent posture; but in thoM 
cases in which the organ is enlarged, forming a tumor which project! 
beyond the margin of the arch of the ribs, percussion must be prarliMd 
not only with the patient in tiie upright position, but also while he is ra- 
cumbent and, as the spleen is placed at some distance from the front of 
the trunk, turned somewhat to the right. The result obtained by per 
oussion varies a little, however, according as the person under examini- 
lion assumes the one or the other position, V> hen he reclines on tbe 
right side the splenic diiiness is displaced and slightly diminished io 
area; it shifts, as the spleen sinks and is turned still further forward (in- 
ward) at its lower end, in such a way that the direction taken by its long 
diameter is no longer diagonal, as in the standing posture, bnt mote 
nearly horizontal; it is then also diminished in area, by the descent (i— 
3 dm. in extent) of the lower margin of the left lung, whereby a larger 
part of the upper (posterior) end of the spleen is hidden by pulmonm 
tissue, the lower (auterior) end of the organ falling downwards. This 
displacement and diminution in size of the splenic dulness is recogniieil 
by comparing the areas of dulness obtained in the upright and right 
lateral positions; the difference is often quite perceptible even while the 
spleen is normal in volume, but is much more obvious when it is enlarged. 
It is in almost every instance advisable to percuss in (lotA positions alter- 
nately, as a comparison of the outline of the non-resonant a n^as provides 
n convenient test of the accuracy of the results of this method of investi- 
gation. 

The spleen, being of comparatively small size, only 2} — 4 ctm. in 
thickness, and surrounded on alniost all sides by air-contaming organs, 
gives a sound to percussion which is much less dull than that of theJiver. 
In adults frequently, in children generally, the splenic sound is not abso- 
lutely dull, but merely shghtly mufhed and at the same time of lytnp»- 
nitic quality; the percussion-stroke employed must therefore be gentle, 
otherwise vibration will bo set up in the adjacent structures (the lungs, 
stomach, and colon), and the muffled splenic sound will be almost lost in 
tbe clear sound so awakened. The stroke must also be delivered in tbe 
respiratory pause, as during inspiration the greater part of the upper end 
of the spleen is sheltered behind pulmonaiT tissue; a very deep and full 
inspiration may even cause the splenic dulness to disappear entirelj. 
Even after complete expiration, however, nearly the whole upper third 
o( the organ, about 4 otm. in length, remains covered by lung; this por- 
tion of the spleen is accordingly not definable by percussion, — thougb 
exactly the contrary has been maintained by some authors. At that pttt 
of the posterior thoracic surface which coincides with this upper segment 
of the spleen, that is, in the space lying between the ninth and tenth dor- 
sal vertebne and the scapular line, no diminution in the intensity of the 
percussion -sound is heard, the note being uniformly clear quite up to iiv 
lower border of the lung. As the upper third of the spleen is thus too 
deeply seated to he recognizable by percussion, it follows naturally tl""* 
the long diameter of the organ as indicated by this method ot C 
tioD is one-third shorter than it really is anatomically. 
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In percussing from above downwards — ^preferably without the ham- 
mer — between the left middle and posterior axillary lines, the patient 
being in the standing posture and having his left arm slightly raised, dis- 
tinct dulness is first obtained usually at the upper border of the ninth 
rib, and at the same time the sense of resistance experienced in the finger 
is increased; this marks the superior boundary of the splenic dulness. 
This area of non-resonance extends downwards to the eleventh rib or to 
its lower border, which is therefore regarded as the inferior boundary 
of the splenic dulness; the muffling of the percussion-sound ceases at this 
point, and is replaced by the clear note yielded by the bowel. Posteriorly 
the splenic dulness is bounded by the scapular line, from the ninth to the 
eleventh rib; its anterior limit coincides almost exactly with the middle 
axillary line, also between the ninth and eleventh ribs. — The long diame- 
ter of the splenic dulness measures about 7 — 8 ctm., its greatest breath 
5 — 6 ctm., while the actual length of the spleen itself is on the average 
about 12 ctm., and its breadth about 8 ctm. 

Whilst the spleen is easily definable between the ninth and eleventh 
ribs in the axillary line, the delimitation of its anterior and posterior 
borders in their whole extent is an undertaking of much greater difficulty, 
and one which sometimes cannot be satisfactorily accomplished. This is 
accounted for by the anatomical relations of the organ. Thus, the upper 
part of its posterior border lies deeply sunk behind lung-tissue, and is 
therefore not traceable by percussion; the middle and a portion of the 
lower part of the same border, also, run up to and overlap the convex 
edge of the kidney, so that in this direction the splenic dulness is con- 
tinuous with and indistinguishable from the renal dulness. There remain 
accordinglv of the posterior border only two small portions, an upper and 
a lower, which may be isolated by percussion from the adjoining resonant 
pulmonary area. These points being found they should be connected 
by a slightly curved line, which will include and indicate with substantial 
accuracy those other points, lying between the two extremities of the 
line, which are not distinctly demonstrable by percussion. The anterior 
border of the spleen, covered, like the posterior border, by lung in its 
upper third, comes in its lower two-thirds into somewhat close proximity 
to the greater curvature of the stomach, while its lowest third is in im- 
mediate relation with the splenic flexure of the colon. If the stomach be 
dilated, as after a hearty meal, the tympanitic or ringing metallic sound 
which it then gives modifies the dulness not merely of the anterior part 
but of nearly the whole of the splenic area. The colon, also, when dis- 
tended with gas, encroaches on the splenic dulness. 

The changes in form and dimensions which the splenic dulness under- 
goes may be caused by dislocation of the spleen, by apparent and by 
actual enlargement of the splenic area. 

Very deep respiration is attended by a slight dislocation of the spleen. 
In inspiration the organ sinks somewhat in the abdominal cavity, but the 
space which it renders dull to percussion becomes smaller, as its upper end 
is more fully shut in by pulmonary tissue. In tranquil inspiration, how- 
ever, no downward displacement of the lower limit of the spleen is notice- 
able. The spleen is pushed still further from its normal situation, and its 
area of dulness to a similar extent reduced or even caused to disappear, 
by left pleuritic effusion, pneumothorax, and pulmonary emphysema. In 
cases of pleurisy in which the fluid is so abundant as to occupy the front 
as well as the back part of the pleural sac, the splenic dulness and that due 
to the presence of the effusion cannot be defined from each other; if the 



AUSCULTATION OF THE ABDOMINAL 

ORGANS. 



Thb phenomena observed on auscultating the abdominal organs per- 
tain, with the exception of the sound heard over the uterus in the later 
stages of pregnancy, almost exclusively to the digestive apparatus; they 
are constant in only a few isolated pathological conditions, and are, as a 
rule, merely accidental and irregular in occurrence, though at times they 
may also be produced at will. A methodical application of auscultation 
in the examination of the abdominal organs is thus scarcely practicable; 
it is employed as a means of diagnosis only occasionally, therefore, when 
dealing with affections which are known to present signs appreciable by 
auscultation. It is of importance, however, to be acquainted with the 
various sounds which originate in the gastro-intestinal canal, as certain 
of them reach the ear when auscultating the lower part of the thorax and 
the cardiac region, where they sometimes accompany and modify the re- 
spiratory murmur and the heart-sounds and murmurs in such a way as to 
prove perplexing to the inexperienced examiner, who is apt to consider 
them as sounds actually developed within the chest. 



Auscultation of the (Esophagus. 

This method of examination, recommended strongly by Hamburger a3 
an aid to diagnosis in diseases of the oesophagus, is based on the circum- 
stance that the act of deglutition, whether the substances swallowed be 
fluid or solid, is attended by the production of certain characteristic sounds 
in the upper part of the alimentary tract. 

The cervical part of the oesophagus is best auscultated by placing the 
stethoscope on the left side of the neck, close to and behind the trachea, 
at any point between the hyoid bone and the supraclavicular fossa; mur- 
murs arising in the thoracic portion are most readily recognized close to 
the left side of the spine, from the level of the last cervical to the eighth 
dorsal vertebra. 

In normal conditions there is heard in the cervical portion of the oesoph- 
agus a ringing gurgling sound when fluid is swallowed; a similar sound, 
but weaker, is audible over the thoracic part. In stenosis of the oesopha- 
gus, when the constriction is so great that even fluid passes slowly and 
with difficulty, it is sometimes noticed that below the stricture the sound 
follows deglutition at an abnormally long interval and is also to some ex- 
tent enfeebled, but these signs never occur with such regularity or con- 
stancy as to enable one to determine the precise point at which the canal ii 
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narrowed. Tlie fact that in sucli eases fluid takes a longer time to reaoh 
tlie stomach and enters it more slowly is also mucb more clearly appreci- 
able on auscultating in tiio epigastrium than over the thoracic part of the 
CB3ophagus. Ill a case of inversion of the viscera which I examined the 
situation of the cesophagus to the right was indicated by the presence of 
deglutition-murmurs on that side of the neck and their abtience on the left. 
A much more marked murmur, and one therefore much better adapted 
for auscultation, is generated by drinking fluids than by swallowing sol- 
ids. 

Auscultation op thk Gastbo-Intkbtixal Canal. 

The phenomena revealed by auscultation of the gastro-intestinal canal 
consist of murmurs, of which some are spontaneous while others (and the 
greater number) are produced voluntarily. The presence of fluid in the 
stomach or bowel is necessary to the existence of these murmurs; they 
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These murmurs, particularly those arising in the stomach, are very 
oticed, in perfectly healthy persons, shortly after food or a 
I of lluid has been taken, when the contents of the stomach 
iito commotion by making sudden pressure on the upper part 
len. They also sometimes originate spontaneously, indepen- 
y mechanical disturbance of the parts adjoining the stomach, 
scanty and feeble and audible only through the stethoscope or 
applied directly to the surface. Thoy not unfrequently seem 
ri the upward and downward movement communicated to the 
ng respiration. Even the simple movement of the parts con- 
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The spontaneous gastric murmurs above mentioned e 
distinctly audible over the posterior lower part of the thor 
cardiac region that one unskilled in auscultation, when examining these 
parts, might very readily fall into the error of regarding them aa true pul- 
tnonary metallic rules; their generally rapid disappearance, however, their 
irregularity with respect to the period of respiration at which they occur, 
and the fact that they are heard even when respiration is suspended, are 
all points which suffice to stamp them as murmurs arising in the stomach 
or in the adjacent portion of the colon. 

When the stomach, dilated from pathological causes, contains a large 
quantity of fluid as well as gas, and when in addition to this its walls are 
soft and flaccid (as they generally are), sudden pressure in the upper ab- 
dominal region gives rise to numerous ringing splashing or gurgling 
^ pounds, frequently audible even at a distance, — sounds which, in propor- 
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tion to the violence of the disturbance of the stomach, are distributed 
over a large part of the abdominal surface superiorly or even, as I ob- 
served in one case, over nearly the whole of the abdomen. This physical 
sign, together with others already mentioned, is diagnostic of dilatation 
of the stomach or of that condition of the organ in which food and fluid 
are detained in it for an unusually long period. In such cases also a 
number of fine rales may be detected on auscultating, without making 
any pressure with the hand on or near the epigastrium; these spontane- 
ous rales are doubtless due to fermentation of the contents of the stomach 
and the consequent formation and bursting of bubbles of gas. 

Gurgling or splashing sounds similar to those arising within the stom- 
ach may be produced also in the intestine, when its contents are thin and 
watery, by shaking and pressing upon the abdomen. This is observed in 
all cases of diarrhoea; it is the louder the greater the quantity of fluid, 
and is therefore exceedingly well marked in cholera, in which the paral- 
yzed intestine is often found enormously distended with watery discharge. 
This gurgling may be audible over the whole abdomen — though not usu- 
ally in equal intensity at all points— or only at certain parts. Of those 
coming under the latter category, the circumscribed intestinal sounds, 
the most noteworthy from the diagnostic point of view is that elicited by 
pressure and limited to the iUo-cascal region, occurring especially in ty- 
phoid fever, but met with also in simple catarrh of the ileum and csecuoL 
— Gurgling may also be developed spontaneously within the bowel in 
cases of diarrhoea, when the fluids are urged quickly onward from one 
part of the intestinal tube, to another by powerful peristaltic action or 
when the bowel is compressed by the contraction of the abdominal 
muscles; in these circumstances the action of the muscles of the abdomen 
and intestine gives rise to the same phenomena which in the cases men- 
tioned above are mechanically excited by the force of the hand of the ex- 
aminer. 

Such sounds, however, do not depend solely on the presence of fluid 
in the intestinal canal; they may be caused by the rapid passage of gas 
through the bowel, as the result of increased peristaltic action. 

With these rumbling noises {borborygmi)^ in Germany described ono- 
matopoietically by the terms " kollern, poltern, gurren," every one is 
sufficiently familiar; they are often heard when the stomach and bowel 
are empty, as after a prolonged fast, very frequently in diarrhoeal condi- 
tions they are the immediate precursors of an evacuation of the bowels, 
while in many who are subject to flatulence their continual occurrence be- 
comes a troublesome and annoying habit. In diarrhoea they are sometimes 
accompanied by colicky pains passing rapidly over the abdomen in the 
direction of the colon. Not unfrequently they cease spontaneously, but 
relief is complete and lasting only when the wind escapes by the anus. 

In cases of perforation of the bowel, murmurs of a blowing amphoric 
character may be developed, when the opening is sufficiently wide to per- 
mit of the free intercommunication of the gases contained in the intes- 
tine with those which have already entered the peritoneal sac. These 
sounds are synchronous with the respiratory movements, and are louder 
in inspiration than in expiration (Tschudnowsky); it is to the inspiratory 
descent and the expiratory ascent of the diaphragm that they are to be 
ascribed, as by the former the intra-abdominal pressure is greatly in- 
creased and a quantity of gas driven through the opening into the peri- 
toneal cavity, while by the latter the pressure is relieved and a certain 
proportion of the gas caused to re-enter the bowel through the perfora- 
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tion. This amphoric sound, on the other hand, when it is not spontane- 
ously audible and does not happen to coincide with the respiratory move- 
ments, may be artificially produced by exercising sudden rapid pressure 
on the abdomen and at the same time listening either with the ear ap- 
plied directly to the surface or through the stethoscope; the gas is dis- 
placed from the parts under the hand, a portion of it passing into the in- 
testine when the perforation is still patent and of sufficient width (Som- 
merbrodt). If, however, the opening in the bowel be small, as it most 
commonly is, or closed up by inflammatory products, no trace of these 
amphoric sounds can be discovered; but as in peritonitis from perforation 
of the intestine the cavity contains not only air but a variable amount of 
fluid, a ringing metallic splashing sound (abdominal sUccussion) is heard 
on pressing firmly and quickly on the abdomen, or on grasping it between 
the hands and shaking it, — provided such rough handling is bearable, con- 
sidering the acuteness of the pain by which these cases are usually char- 
acterized. The severity of the symptoms which accompany peritonitis 
from this cause affords a ready means of distinguishing these sounds from 
the splashing or gurgling developed in the stomach or intestinal canal. 
The sounds of the abdominal aorta also acquire a metallic quality when 
the peritoneal sac is filled with gas. — Sometimes, though rarely, the evo- 
lution of gas, taking place within closed abdominal cavities containing 
pus (encysted exudations, cysts), gives rise to similar splashing sounds 
(Laboulbene, Gerhardt, &c.). 

The peritoneal friction-murmurs which are met with in certain cases 
are palpable as well as audible, and have already been discussed in the 
chapter on palpation (see p. 253). — It should be mentioned also that 
occasionally, on pressing on the gall-bladder when it is occupied by a 
number of large calculi, the clinking of these against each other may be 
felt and heard. 

Vascular murmurs are also sometimes observed in cases of abdominal 
tumor. They are most commonly associated with tumor of the uterus 
(occurring, according to Spencer Wells and Winckel, in about one-half 
the cases), more seldom with ovarian tumor; Winckel and Hirschfeld 
report having detected them in subjects suffering from tumor of the 
spleen, and Leopold has heard them once in hepatic cancer. Their arterial 
origin is shown by their being synchronous with the pulse. 



Auscultation op the Gravid Utkbus. 

The aim of auscultation of the gravid uterus is the detection of the 
sounds of the foetal heart and the placental murmur. 

The sounds of the foetal heart, discovered by Mayor, of Geneva, in 
1818, are first appreciable towards the end of the fourth month of preg- 
nancy. At this period they are feeble, but subsequently they gain con- 
siderably in volume; they are most often heard on the left side of the 
mother, from the great frequency of the first cranial presentation, in 
which the back of the child is turned forwards and to the left. Their 
presence proves conclusively that the child is alive, their absence that it 
is dead, auscultation thus furnishing an important indication for the 
adoption or the avoidance of operative interference with the process of 
delivery. 

The placental murmur, discovered by Lejumeau de Kergaradeo, in 
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1822y is a sound which is synchronous with the arterial pulse, but is fre- 
quently of slightly longer duration, particularly when the abdomen is 
somewhat forcibly pressed upon with the hand. It is not of equal ioten- 
sity at all points on the surface of the womb, being louder sometimes to 
the right side, sometimes to the left. It is heard in the second half of 
pregnancy, bein^ at first very faint, but afterwards of greater intensity. 
It is developed m the dilated uterine arteries, at the part at which thej 
terminate in the uterine veins. 



EXAMINATION OF THE EXCRETA. 

THE URINE. 

Thb points to be noted in examining the urine are its quantity, color, 
reaction, specific gravity, and the occurrence in it of abnormal constitu- 
ents. 

Quantity of the U&ike. 

This is very variable even in perfect health, and depends chiefly on the 
amount of fluid taken by the patient and on the greater or less abun- 
dance of the excretion of water by the sudoriparous glands of the skin. 
If the consumption of fluid be moderate and the cutaneous transpiration 
slight, as in winter, the quantity of urine passed by an adult in the 
twenty-four hours amounts on the average to about 1,500 ccm. 

The urine is diminished in quantity in all febrile affections, in the 
stage of failure of compensation in diseases of the heart, and frequently 
in the different forms of nephritis (though in the latter class of cases it 
sometimes remains normal in volume); it is, further, reduced in a number 
of other disorders, and occasionally even in health, from causes of only 
temporary duration, to be mentioned in detail further on. — The quantity 
voided in the twenty-four hours may, in extreme cases, sink to one-fourth 
that passed normally; at times even, as in the stage of collapse in cholera, 
and now and then also in scarlatina, almost complete anuria may be ob- 
served. — The cause of this diminished excretion is either that the quan- 
tity of blood in circulation is unusually small or that the blood itself is 
deficient in water, the pressure within the renal arteries being in both 
cases reduced to a minimum. When in the later stages of cardiac dis- 
orders the compensatory changes in the heart's structure fail to com- 
pletely overcome the obstacle to circulation, the venous system becomes 
overloaded, the arteries, and among them those of the kidneys, contain 
less blood than normally, and the excretion of urine naturally goes on 
but slowly; the urine is scanty also in other conditions in which the blood 
is not sufficiently fluid, either from the escape of its watery constituents 
through the walls of the veins, from increase of the cutaneous transpira- 
tion, or frequently as the result of the undue abstraction of water from 
the system by the very abundant and thin discharge from the bowel 
in diarrhoea and the allied affections. Diminution in the amount of 
urine excreted, with whatever form of disease it may be associated, and 
whether it be only a passing complication or a phenomenon of a more 
persistent character, may generally be easily accounted for by a careful 
consideration of the series of causes just enumerated. 

The flow of urine is greatly augmented in diabetes mellitus and dia- 
betes insipidus, the intense thirst from which the patients suffer causing 
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them to drink very freely of water; the amount passed daily may increase 
to three, four, or even eight times that of a healthy person. 

A moderate increase in the quantity of the urine may often be pro- 
duced by stimulating the kidneys by the employment of diuretics; diure- 
sis also appears when, from any cause, the arterial pressure is raised. 



COLOB OP THE UbINE. 
(See Colored Plate, Frontispiece.) 

Normal urine varies in color from pale yellow to clear amber yellower 
yellowish-red, the precise shade being determined by the greater or less 
abundance of the urinary pigments or by the degree of concentration of 
the urine. It has been calculated that in a healthy urine of clear amber 
color there are eight parts of coloring matter to every thousand of fluid, 
and in a yellowish-red urine sixteen parts to the thousand (Vogel). 

Normal urine contains at least two pigments, possibly more. The 
best known of these is urobilin, first separated by Jaffe; it resembles the 
coloring matter of the bile (bilirubin), is allied to ha^matin, and is found 
in the contents of the intestine and in faecal masses, which owe to it 
their brown coloration (Vanlair and Massius, Maly). Hoppe-Seyler 
affirms, however, that urobilin is not one of the actual constituents of 
the urine, but tiiat the color of the excretion is due to only one substance, 
from which, after it has been precipitated by acetate of lead and again 
separated from the lead by sulphuric acid and alcohol, urobilin is formed 
by gradual spontaneous oxidation. — Another pigment, uroerythrin (or 
purpurin) gives to the sediment of uric acid and the urates its yellowrish- 
red or brick-red color. 

The urine becomes reddish yellow or red in all febrile diseases, chiefly 
from the increased formation of the red coloring matter but partly also 
from the scantiness and consequent concentration of the urine in fever. 
This reddish tint is also observed, of various degrees of intensity, in 
chronic affections, when the volume of urine excreted diminishes to any 
very marked extent, particularly in the stage of failure of compensation 
in cardiac disorders. — The urine may, on the contrary, be abnormally 
pale from absolute deficiency of pigment; this occurs frequently in con- 
valescence from severe acute diseases, in anjemic chlorotic conditions, 
and as the result chiefly of dilution in both forms of diabetes. 

Of the abnormal coloring matters which may be present in the urine 
the most common are those of the biliary secretion and the blood. 

A large proportion of biliary pigment (bilirubin) gives to the urine a 
brownish color, with an occasional admixture of yellowish green or brown- 
ish green; an abundant foam, the yellow or green hue of which is more 
evident than that of the rest of the urine, forms on its surface when 
shaken. Strips of linen or blottinor-paper dipped in such a urine at once 
take on a marked yellow coloration. — The most convenient test for biliary 
pigment is that proposed by Gmelin, in which the extremely delicate 
reaction of bilirubin on impure nitric acid (that containing nitrous acid) 
is made use of, the test fluid being prepared by adding to a small quan* 
tity of the chemically pure nitric acid a few drops of the fuming acid. 
The icteric urine is poured slowly, drop by drop, down the inside of the 
test-tube at the bottom of which lies a little of this impure acid, when at 
the point at which the fluids meet will appear a series of beautiful rings 
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of color arranged in the following order: the upper ring is bright grass- 
green, the next below it blue, the others in succession violet, red, and 
yellow. 

Usually only the green, violet, and red rings are constant and retain 
their color for any length of time, the blue and yellow being often indis- 
tinguishably mixed up with the other shades. The green ring is the only 
really characteristic indication of the presence of biliary pigment, as the 
other colors, especially the reddish-violet tints, appear also in urine con- 
taining no bile, on the addition of strong nitric acid, the change, in the 
latter case, showing that another pigment, indican, is present. The 
more slowly and carefully the urine is added to the nitric acid in the tube 
the broader will be the upper green ring; the green coloration is also the 
more intense the more bilirubin there is in the urine. — On allowing a 
drop of nitric acid to fall on blotting-paper previously stained with the 
icteric urine a similar green-colored ring is obtained. 

If the biliary pigment bo present only in traces it may be separated 
and recognized by shaking up a quantity of the urine with chloroform; 
the latter dissolves out the bilirubin, acquiring in this way a yellowish 
color; being specifically heavier than the urine, also, it falls to the bottom 
of the glass. — Ultzmann has recently stated that in cases in which the 
other ordinary tests fail, bilirubin may be detected in the urine in the 
following simple way: 10 ccm. of the suspected urine are mixed with 3 — 
4 ccm. of pure concentrated potash lye (1: 3 of water), and neutralized 
and finally acidified by adding to it pure hydrochloric acid; as the fluid 
becomes acid a beautiful emerald-green coloration is developed. — A very 
striking green coloration is produced on the addition of a few drops of 
tincture of iodine to the icteric urine (W. Smith). 

Bilirubin is found in the urine in all affections attended by jaundice; 
it may disappear from the urine, however, while the icterus still persists. 
— ^Traces of the biliary acids also usually accompany the biliary pig- 
ment in the urine. 

Blood communicates to the urine a decided red color, the depth of 
which depends on the proportion of the abnormal element present. If 
the blood has been diffused through the urine for some time, and its col- 
oring matter in this way altered* the urine may be reddish brown, brown- 
ish black, or even inky black. The color presented by the urine, even 
when the blood-pigment has undergone change, and also when the quan- 
tity of blood contained is but small, is usually so characteristic that it is 
almost impossible to mistake it for any other variety of abnormal color- 
ation (such as that caused by the increase of the normal urinary pigment 
observed in fever, &c.). 

The coloring matter of the blood (oxyhaemoglobin) is always liberated 
from the corpuscles and dissolved by the fluid basis of the urine; it is 
only in those instances in which the proportion of blood present is ex- 
ceedingly large, in which accordingly the process of diffusion between 
the urine and the blood globules is practically arrested, that the red cor- 
puscles still retain their pigment. When urine containing blood is al- 
lowed to stand some time, the corpuscles subside to the bottom of the 
vessel as a red sediment. — Microscopic examination shows the blood 
disks either distended and more or less pale in color, or shrunken and 
crumpled and of the irregularly dentate outline which they assume in 
saline solutions. Some cases are met with, however, in which, notwith- 
standing that the urine is of a deep blood red color, the blood corpuscles 
&re completely wanting, even in urine freshly passed. This variety of 
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the affection is designated hcemoglobinuria. It indicates that the disin- 
tegration of the blood globules has taken place within the organism it- 
self, the liberated coloring matter then passing directly into the urine. 
The causes which bring about this destruction of the corpuscles, and in 
this way produce temporary or persistent hsemoglobinuna, are still ob- 
scure.* 

In those cases in which the urine has a reddish blood color but shows 
no trace of corpuscles on microscopic examination, the presence of the 
blood pigment may be readily demonstrated by certain chemical reactions, 
and more clearly still by spectrum analysis. Of the various chemical 
reactions given by the coloring substance of the blood probably the easiest 
to obtain is that observed on boiling the urine after adding to it a little 
caustic soda or potash; brownish red coagula are formed, consisting of 
the precipitated phosphates and haematin (Heller). The slightest trace 
of oxyhaemoglobin in a fluid, even as little as I part in 10,000, is recog- 
nized in the spectroscope by the appearance of two separate absorption- 
bands between Fraunhofer's lines D and E in the yellow and green of 
the spectrum. After urine containing blood has stood for some time the 
oxy haemoglobin is gradually transformed into niethcemoglobin ; this is 
simply one step in the series of changes through which oxyhiemoglobin 
passes in breaking up into haematin and albuminous matters. Such a 
urine is reddish brown in color, and shows in the spectrum only one ab- 
sorption-band, between the lines C and D. In those urines also which 
contain blood but from which the red corpuscles have disappeared the 
oxyhaemoglobin is converted into methasmoglobin. 

The blood which is mixed with the urine may be derived from any 
part of the urinary tract; at one time it is observed only in traces, at an- 
other the urine seems to consist almost exclusively of a perfectly sangui- 
nolent fluid. 

The quantity of blood discharged is by no means a sure guide to the 
part from which it comes, this being indicated rather by the symptoms 
and appearances as a whole and by the result of microscopic examination 
of the urine; thus, the ha?maturia is obviously not due to kidney affection 
if on repeated examination no casts or epithelial scales from the tubuli 
uriniferi are found. 

Several other urinary pigments have been observed, all of them result- 
ing from the decomposition of certain of the normal constituents of the 
urine. Of these the most important is indican. Indican occurs in small 
quantities in every urine ; in decomposing urine it is often seen as a 
bluish red glittering appearance or as a blue pellicle floating on the sur- 
face. The best method of demonstrating the existence of indican in the 
urine is that devised by Jaffe: to the urine is added an equal volume of 
hydrochloric acid, and then a few drops of a strong solution of chloride 
of lime, when the indican is decomposed, indigo is formed, and the urine 
takes on a blue coloration, which is the deeper the larger the proportion 
of indican present. If the indican be very abundant, a flocculent precipi- 
tate of indigo-blue (uroglaucin) is thrown down. Heller's test for indi- 



* HflBmoglobinuria has been observed in scurvy, peptic fevem, and snlphnricacid 
poisoning, occasionally as one of the effects of the inhalatioa of arseniurettj^d hydro- 
gen (Voj^'cl). and in a case resembling intermittent fever (Secohi). In animals (rabbits) 
the subcut.inf^ous injection of glycerine is followed by a red pangnineons staining of 
the urine (Luchsinger), which is cauHed, as I found, not by the presence of the red 
corpuscles themselves, but simply by the coloring matter of the blood. 
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can, — mising equal volumes of urine and fuminfr hydrocliloric acid, uid 
testing tbe mixture over a lamp, — glvea a beautiful reddish violet colora- 
tion {indigo-red, unliodin), the intensitjr of which varies with the amount 
of indican iu the urine so treated; if this be unusually large the iodigo ii 
separated by this method also as a blue precipitate. 

Increase of the iudican tukes plaue very frequently in the most direne 
diseased cutidltious, particularly in consumptive aSectious and nil discl^ 
by much denility (Senator); to this category belong 
diseases of the stomach and bowels, especially cancer of the etotna^, 
ileus, peritonitis, phthisis, &c. The quantity of urinary indigo may riw 
in ileus and diffuse peritonitis to 50 — 100, or oven 150 mitligramaiee per 
day, the normal amount being only 5 — 20 milligrammes daily (Jaffe). 

inky black pigments sometimes appear in the urine of pstienti 
suffering from melanotic cancer. When recently voided BUch urine ii 
generally still free of any brownish discoloration; 
this is developed only after the urine has for some 
time been in contact with the nir, or on adding 
to it oxidizing substances such as chlorate of 
potash, chromic acid, nitric acid, &c. It is not 
yet certain whether this brown or black coloring 
matter is really of pathological origin or is merely 
one of the normal urinary pigments present in un- 
duly great quantity: it is most probably the for- 
mer, however, as it differs from the other familiir 
coloring substances found in the urine in offer- 
ing greater resistance to their usual solvent] 
(Ganghofner). 

There is still another brown pigment some- 
times discovered iu the urine, and due to tbe 
of catechin; it is formed only after tie 
has stood for a oousiderable period in con- 
tact with the air or when decomposition is hefon- 
uing, and has hitherto been observed in oiilyaiB* 
cases in the human subject (Mflller and Ebstcin, 
Rajewsky, Baumann). A urine containing this substance becomes in- 
tensely green on adding to it one drop of chloride of iron, and this color 
changes to violet on the further addition of ammonia or the bicarbonate 
of soda. 

The urine may also incidentally and temporarilj" be abnormal in oolw 

after the internal administration of certain medicines; after rhubarb and 

s brownish red (from the formation of cbrysophanio acid), 

almost black after inunction with tar and particularly after the intetntl 

use of carboliu acid, and yellow, like the urine in jaundice, aile:r 

Bkaction of thk Ukine. 

This is usually acid; blue lltmue paper dipped ii 
red, while red litmus paper remains unaffected, 
owing chiefly to the acid phosphate of soda which the urine contaios,tJ 
sometimes it may be partly due also to free uric acid and acid unti 

The degree of acidity la even in normal conditions very variable, ai 
is estimated according to the intensity of tbe reddening of the bine lit- 
mus paper. Urine of very acid reaction is often associated with inflam- 
matory febrile diseases, espeoialiy with acute articular rheumatiaia, I 
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The urine becomes alkaline after exposure to the air for some days. 
The occurrence of this change, which has been designated alkaline fer- 
mentation^ is favored bj a high temperature; it is ckused by the decom- 
position of the urea of the urine and its conversion into carbonate of 
Ammonia, probably under the influence of the fungus-germs and bacteria 
which are suspended in the air and which drop thence into the urine. 
Alkaline urine renders red litmus paper blue, has a powerful smell of am- 
monia, and gives a white vapor of chloride of ammonium on holding over 
it a glass rod dipped in hydrochloric acid. 

Even directly after emission the urine may, in a variety of circum- 
stances, give for a longer or shorter period an alkaline or neutral reac- 
tion; in the latter case it does not change the color of either red or blue 
litmus paper. The urinary secretion is alkalized by the prolonged inter- 
nal administration of carbonate of soda or potash (in alkaline mineral 
waters), or of the alkaline salts of the vegetable acids (in various kinds 
of fruits), all of which appear in the urine as alkaline carbonates. The 
reaction of the urine is found also to depend to some extent on the secre- 
tion of the acid gastric juice ; if the acids needed for digestion be (in ani- 
mals) neutralized by the exhibition of carbonate of lime or magnesia 
(Maly), or if they be removed from the stomach by washing (Quincke), 
the urine speedily becomes neutral or even alkaline. The fact also that 
the acidity of the gastric juice is expended on the food accounts for the 
neutral or feebly alkaline reaction of the urine so often noticed for a few 
hours after a meal. In diseases of the stomach, in which from many 
causes (as from frequent vomiting) very little of the gastric acid is re- 
tained, the urine is not uncommonly distinctly alkaline. It is still more 
markedly alkaline when loaded witn pus, — in catarrh of the bladder, in 
pyelitis, &c., — when it may, even when recently voided, have a strong 
ammoniacal odor; if the quantity of pus be moderate, however, the urine 
does not usually become alkaline, but much more feebly acid than in 
health. Alkaline fermentation of the urine may sometimes be set up 
within the bladder by the introduction of a catheter which has not been 
previously made scrupulously clean. Urine which is alkaline when passed 
as invariably opaque and turbid, from precipitation of the phosphates; 
recent urine, when alkaline, may even contain crystals of ammoniaco- 
magnesian phosphate, exactly as in the case of a urine which has under- 
gone alkaline fermentation outside the body. 



Specific Gravity op the Urine. 

The specific gravity of the urine is estimated by means of the araeo- 
meter (the urinometer). This instrument is placed in a cylindrical vessel 
filled with the urine to be examined, in which it should swim freely; it 
sinks the deeper the lighter the urine, and vice verad. The density is in- 
dicated by the number on the graduated scale which, when the instru- 
ment comes to a state of rest, is found to be on a level with the upper 
surface of the fluid. Normally the specific gravity of the urine varies 
from 1015 — 1020, that of distilled water being regarded as 1000. 

In disease the density of the urine may amount to 1040 or sink as low 
as 1005; in many cases even these limits are considerably overstepped. 

The specific gravity of the urine rises to 1Q25, or even a slightly 
higher point, in febrile diseases. This is the result chiefly of increase of 
the excretion of urea; it seems also to be owing partly, but to only a very 
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limited extent, to increase of the other solid urinuy constituents (th* 
urates). Some of the solid elements of the urine may even be diminished 
in febrile oonditions^ thus, in inflammatory exudative diseases, especially 
in pneumonia, the chlorides may almost or entirely disappear from tlM 
urine (Redtenbaoher), The degree of dilution of the urine also takes u 
important place among the factors which determine its specific gravity 
If the same weight of solid matters be at one time dissolved in a laigv 
volume, and at another in a small volume of water, the density of the fliwi 
in the former case falls, and in the latter case rises. The amount 
of water In the urine is reduced in fever, and in all those condi- 
tions which are followed by dropsy and ascites, — in the stage ot 
failure of compensation in heart diseases, in affections of tbe 
liver, &c.; in these disorders therefore tbe density of the urine is 
increased, a specific gravity of 1030 being generally reached, hat 
not commonly exceeded. Urines which, from deficiency of 
water, the absolute quantity of solid constituents being either 
unaltered or possibly increased, possess a density so high, in 
(.CM invariably dark in color. 

But there is another condition in which, notwith standing 
that the watery portion of the secretion is greatly augmente<^ 
the density of the urine rises, from the presence of sugar tloog 
with the normal urinary solids. Such a urine is distinguished 
from those just described by its perfect clearness and its p»la 
yellowish color. The lowest density of urine containing grip* 
sugar (diabetes mellitiis) is about 1030; usuallv it ranges from 
1032—1040, seldom rising above 1040—1050, and only in the 
very rarest cases reaching 1060 — 10G5 (Seegen). The* specifio 
gravity, however, is not exactly proportionate to the amount of 
sugar present, being influenced also by the other solid constitu- 
ents of the urine, whose quantity may he siniultaneouslv in- 
creased or diminished. The proportion of sugar contained in 
the urine cannot thus be inferred with absolute certainty from 
its specific gravity. 

The density of the urine is sometimes lowered temporarily 
in perfect health, after a large draught of water, the total quan- 
tity of urine secreted being in proportion to the amount ot fluid 
taken; the density may from this cause rapidly fall even to 
1005. If, however, the' specific gravity sinks, notwithstanding 
that the urinary secretion is not augmented, we have before usi 
ttcLr"'^"' ^^"^ '^^ distinctly pathological signification. This is observed 
in ana?mic conditions, and frequently also in nephritis; the lower- 
ing of the density is here due principally to diminished separation of utei 
by the kidneys. — Decrease in the density of the urine occurs also in dia- 
betes insipidus, from pathological increase of the watery part of the 
urine, independently altogether of any alteration in the excretion of ures 
or of the other sohd constituents, — All urines of low specific gravity are 
pale. 

Trapp's formula furnishes a ready method of estimating appro ximatelj 
the sohds held in solution in the urine. If the two last figiires of tlw 
specific gravity be multiplied by 2'3, the product indicates in grammes 
the amount of solid matters present in 1000 com. of the urine; thus, if 
the density be 1015, 1000 ccm. of such a urine will contain 34-5 grammes 
of solids. 

The solid constituents of the urine consist of about equal parts of in- 
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organic salts and urea. Of the former, the chloride of sodium occupies 
the first place, being excreted to the extent of 10 — 15 grm. per day; the 
Mulphates amount on the average to 2 grm., the earthy phosphates to 1 
grm., in the 24 hours, while the salts of ammonia are detected only in 
traces. — Of the organic urinary solids the most important is urea. It 
constitutes %\ — 3 per cent, of the urinary secretion ; the other organic 
elements are much less abundant, \ — J> grm. of kreatinine, 0*2 — 1 grm. of 
uric acid, \ — j- grm. of hippuric acid, being discharged in the twenty -four 
hours. The urinary pigments have already been discussed. — Several other 
organic substances (xanthine, oxalates, &c.) occasionally appear in the 
unne, but only in minute traces. 



Abnormal Substaxces in the Urine. 

Albumen. This substance passes from the blood into the urine when 
the blood pressure within the renal veins is increased, whether from in- 
flammation of the kidneys (which is the commonest of all the causes of al- 
buminuria, and gives rise to the phenomenon in its most fully developed 
form) or as the result of diseases of the circulatory, and sometimes also 
of the respiratory apparatus, when they produce engorgement of all the 
systemic veins, and, among them, of the renal veins; or the albumen is 
one of the signs of the presence of extravasated blood or of pus, which 
may be mingled with the urine at any part of the uropoietic system; or, 
finally, it may proceed from other secretions which may have gained ad- 
mission to the urine accidentally. 

The presence of albumen in urine is demonstrated by precipitation. 
In urine of acid reaction the albumen is thrown down on heating to the 
boiling-point, by the addition of nitric acid, &c. To ensure accuracy it is 
better to employ both methods, heating and the use oi nitric acid, in ex- 
amining for albumen, as the phosphate of lime falls as a white precipitate 
on simply warming the urine, but is again dissolved on adding a few 
drops of the acid, when the urine becomes clear; albumen which has been 
precipitated by boiling, on the contrary, is unaffected by the nitric acid, 
or if the first part of the process has been insufficient to coagulate the 
whole of it the acid completes the precipitation. On the other hand, 
neither is the simple addition of nitric acid to the cold urine a test which 
is absolutely free from fallacy, as it produces a slight degree of turbidity 
in the presence of urates; this cloud is cleared away, however, if the urine 
be non-albuminous, on applying heat, as the amorphous urates are in this 
way at once dissolved. When the precipitate is abundant it is always 
easy to decide, even by simple inspection, whether it consists of albumen, 
phosphates, or urates: coagulated albumen takes the form of a white 
flocculent precipitate, the phosphates have the appearance of a more uni- 
form white sediment, while the urates are readily recognizable by their 
yellowish -red color. 

As albumen is thrown down by heat in acid urine only, and not, or 
only in small quantity as compared with the actual amount present, in 
urine which is alkaline, the reaction of the urine should always be ascer- 
tained before boiling, and if it turn out to be neutral or alkaline it should 
be acidified with a drop or two of acetic acid. 

Albuminous urines are seldom perfectly clear, the cloudiness by which 
they are pervaded being caused by the various figurate organized elements 
which such urines generally contain. If the turbidity be considerable, and 
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the urine be but very slightly albuminous, it is desirable to apply the 
flame of the lamp to only the upper layer of fluid in the test tube, as this 
renders the contrast between the increased cloudiness of the wanned up- 
per portion and the unchanged appearance of the lower portion of the 
urine the more apparent. If the cloud produced by heat be so indistinct 
as to leave it still doubtful whether or not it is really due to albumen, & 
portion of the recently passed urine must be Altered and the clear filtrate 
examined for albumen. 

The daily loss of albumen in inflammatory affections of the kidneys is 
exceedingly variable, amounting to 5 — 10 grm. in the less severe cases, 
and 15 — 20 grm. in those in which the disease is of greater intensity; the 
urine is occasionally so loaded with albumen that almost the whole of the 
fluid in the tube is changed into a firm coagulum on boiling. To observe 
whether the excretion of albumen is on the increase or the decrease, the 
test-tubes containing the different specimens of urine examined from day 
to day should be set aside in an upright position, and the depth of the 
layer of precipitated albumen in each compared; this method gives, of 
course, only an approximate quantitative estimate. The glasses must be 
of the same diameter and an equal volume of urine must be used each 
day. 

Of the various modes of calculating accurately the amount of albuTnen 
in the urine the simplest is the optical method, circumpolarization with 
the Soleil- Ventzke apparatus. After this mechanism has been so arranged 
that the zero of the nonius corresponds with the zero of the scale, a glass 
tube is introduced, filled with the albuminous urine, which is previouslv 
filtered and decolorized by being passed through animal charcoaL The 
two halves of the field, which before the introduction of the albuminous 
fluid appear exactly alike, at once become different in color. The com- 
pensator is now moved, by means of the screw, towards the left till both 
sides of the field are again of precisely the same hue. The nonius shows 
the extent of the displacement on the scale, and from this the proportion 
of albumen in the fluid is known; thus, if the compensator requires to be 
shifted till the nonius points to 3*6 before the desired identity in color of 
the two divisions of the field is obtained, the urine is said to contain 3*0 
grammes of albumen in every 100 grammes. The exactness of the calcu- 
lation by this method depends on the examiner's sharpness of vision. 

A high degree of albuminuria is always caused by nephritis; the ex- 
istence of dropsy, above all the discovery of renal elements in the urine 
by microscopic investigation (epitlielial scales, casts of the uriniferous tu- 
bules), are also indications which point to the same diagnostic conclusion. 
The albuminuria usually attends the nephritic process throughout its 
whole course, though at times it may diminish very considerably, or in 
some rare cases may almost totally disappear. 

Albuminuria is also observed, altogether apart from any inflammatory 
condition of the kidneys, in catarrhs and other severer affections of the 
uropoietic system, from the pelvis of the kidneys to the external oritice 
of the urethral canal; the presence of the albumen is then due to the ad- 
mixture of pus and the corpuscles and serum of the blood. In these cases 
albumen is detected also in the filtered urine; generally, however, the 
urine is less albuminous than that discharged in pronounced renal disease. 
— Finally, a moderate degree of albuminuria occasionally appears, but 
remains otily a short time, in a great many severe acute and chronic dis- 
eases; in such affections the urine, unlike that passed in nephritis, shows 
no tigurate elements (casts, &e.) under the microscope. 
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Besides albumen derived from the serum of the blood there are found, 
in all albuminous urines, certain other bodies of similar constitution,^ 
paraglobulin (Edlefsen, Senator) and peptone; these are sometimes also 
lound in the urine when it is free of ordinary albumen (Gerhardt). In 
ohyluria, a disorder met with in tropical countries, there exists in the 
urine an albuminoid substance of a totally different nature from the albu- 
men of the serum (Eggel). 

Fibrin is invariably present in urine containing blood; but it is ob- 
served also when there is no hsematuria, in the form of coagula or of 
fibrinous (granular) casts, in many cases of very acute and severe neph- 
ritis. 

Mucus occurs in mere traces in normal urine ; it is derived from the 
secretion of the lining membrane of the urethral canal, in women often 
from the vaginal secretion. Pathologically it is discovered in the urine 
chiefly in cases of catarrh of the bladder, and is easily recognized with 
the naked eye as a viscid stringy cloud which floats about in the fluid and 
eventually settles to the bottom of the glass when the urine has been sta- 
tionary for some time. Examined microscopically it is seen to be formed 
essentially of a clear, absolutely structureless substance, in which, how- 
ever, lie embedded large polygonal epithelial cells from the bladder and 
round oval mucus-corpuscles. 

Sugar, The saccharine urine passed in diabetes mellitus has the fol- 
lowing properties: its quantity is very notably increased; its color is 
very pale or faintly yellowish with a tinge of green; it is perfectly clear 
and limpid, and gives no sediment on standing; its speciflc gravity is 
unusually high, 1030—1040, in certain cases 1050 and even higher. 

There are four tests which serve for the detection of sugar (grape 
sugar) in the urine: Trommer's process, the caustic potash, the bismuth, 
and the fermentation tests ; the first of these is by far the most delicate 
and is that most often used. 

1. IVommer^s test. To a little of the saccharine urine placed in a 
test-tube are added first a few drops of a solution of sulphate of copper 
and afterwards a certain quantity of liquor potassae, the latter being 
ffently poured in till the whole fluid assumes a clear and beautiful dark 
blue color. On obtaining this coloration the examiner may feel sure that 
the urine is saccharine, as no other sort of urine undergoes this change 
on being treated with these reagents. — On now heating the mixture an 
orange yellow or brick red precipitate is formed, which in a short time 
falls to the bottom of the test-tube. This deposit consists of suboxide of 
copper. The chemical reaction which takes place is the following: the sul- 
phuric acid of the sulphate of copper unites with the stronger base, the 
caustic potash, forming sulphate of potash; the sugar is oxidized at the 
expense of the oxide of copper, and the latter, being reduced to the con- 
dition of a red insoluble suboxide, is at once precipitated. — This process 
also bears the name of the reduction test. 

2. Caustic potash test. Moore*s test. The suspected urine is mixed 
with a little liquor potassae and warmed, the heat being applied to only 
the upper part of the fluid in the tube; the part so treated takes on a 
clear yellowish-brown color, deepening, on further heating, to a brownish- 
red, which is the more intense the more potash has been added. The 
portion of fluid which is not heated preserves its original color, which 
renders the change just described the more striking. If the warmth be 
kept up till the urine boils there is developed, especially on adding a lit- 
tle nitric acid, a sweetish smell of burnt sugar. Urine colored brown 
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by the caustic potash process turns still darker on keeping for a short 
time. 

3. Bismuth teat. To the urine should be added first a few drops of 
liquor potassas and then as much nitrate of bismuth as will lie on the poiat 
of an ordinary knife, the latter reagent being an insoluble, heavy, white 
powder which rests on the bottom of the ^lass. The application of heat 
now imparts to the urine a clear brownish-red color (as in the last test), 
while it blackens the bismuth. The chemical change which takes place 
is simply the reduction of the bismuth salt, and is exactly analogous to 
that which occurs in Trommer's test: the nitric acid of the salt of bismuth 

unites with the caustic potash, a portion of 
the oxygen of the oxide of bismuth is ap- 
propriated by the sugar, and black suboxide 
of bismuth is left. 

4. I*hrmentation test. Saccharine urine, 
when mixed with yeast, ferments, the sugar 
being changed into carbonic acid and alco- 
hol. 

The indications offered by these tests 
may be obscured by the presence of vari- 
ous substances in the urine which prevent 
the reduction of the copper or bismuth salt; 
the urine may, for instance, contain albumen 
as well as sugar, when the former must first 
be precipitated and then removed by filter- 
ing before the testing for sugar can be 
proceeded with. — There are several other 
tests for sugar in the urine, but as they 
are not much used no account of them need be given here. 

The quantity of sugar present in diabetic urine varies from ^ — 10 per 
cent.; in the great majority of cases it fluctuates within narrow limits, 
from about 3 — 5 per cent. The percentage is calculated by using 
Fehling's standard solution of sulphate of copper or by means of the 
Soleil-Ventzke saccharimeter. After introducing the glass tube filled 
with the saccharine urine into the apparatus just named, the nonius, pre- 
viously arranged so that it points to zero on the scale, is turned to the 
THffht till both fields have the same color ; the extent of this displacement 
to the right indicates the percentage of sugar in the urine. 




Fxo. 64. — Apparatus for fermentation 
teat. 



FiGun.vTK Elements in the Urine. 



Normal urine is perfectly clear, containing neither crystalline nor any 
other organic figurate element, except possibly now and then traces of 
mucus. If, however, the urine be turbid immediately after emission, we 
have distinct evidence of the presence of such constituents. In order to 
examine these with the microscope the urine must first be filtered, as they 
occur in very small quantity compared with the volume of the fluid in 
which thev are diffused ; or the urine should be allowed to stand some 
time in a glass which tapers towards the bottom, when a small portion of 
the sediment may be removed with a pipette. 

The organic figurate elements found in the urine in disease are pus 
cells, blood corpuscles, casts of the uriniferous tubes, epithelial cells, and 
fungi. 
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/W COrp}tadeg. (See Fig. 21, p. 135. ) These are in no respect di 
from the colorless globules of the blood. A highly purulent urine 
fectlj turbid and of a whitish-yellow, milky color, even at the moment it 
is passed ; if set aside for a short time the pus corpuscles are deposited 
at the bottom of the glass as a yellonish sediment. The pus globules 
retain their ordinary shape in the urine so long as this fluid remains add 
or neutral in reaction; but the occurrence of alkaline fermentation con- 
verts them into a gelatinous mass which is quite devoid of structure under 
the microscope. 

Pus coqiuacles are found in the urine in greatest number in catarrh of 
the bladder ; they are more or less abundant, however, in catarrh of any 
part of the urinary tract, from the pelvis of the kidneys down to the on- 
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fioe of the urethra, being mechanically mixed with the urine in its passage 
outward. It is generally easy to infer from what part of the urinary ap- 
paratus the pua comes by noting the further results of objective examina- 
tion and the other symptoms of the affection. If it be derived from the 
urethra, in men, a purulent fluid may also usually be expressed from the 
canal before as well as after micturition; in women pus cells often gain ad- 
mission into the urine from the admixture of vaginal secretions (as in cases 
of leuoorrhcea) ; to prevent error it is advisable in such circumstances to 
draw off the uriue with a catheter. If the pua be secreted by th« blad- 
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der, 'which in chronic cases of purulent urine is the usual source, it is ac- 
companied by a number of the large vesical epithelial cells. If it proceed 
from a point considerably higher, from the pelvis of the kidney, for 
example, there are usually also observed the other signs of positive renal 
disease ; the principal element in the diagnosis in such cases is the exclu- 
sion of every other part of the urinary passages as a possible source of 
the discharge. 

Hed blood corpuscles, (See Fig. 22, p. 135.) They are found in the 
urine in sufficiently large quantity to impart to that fluid a distinctly 
blood-like coloration, only as the result of haemorrhage (rupture of some 
vessel) within the uropoietic apparatus. They occasionally appear in 
smaller numbers, but still abundantly enough to suggest to the eye at 
once that the urine contains blood, without rupture of the walls 
of the vessels ; this form of bleeding, haemorrhage per diapedesin, 
may occur in all inflammatory conditions within the uropoietic system, 
particularly in very severe acute nephritis, but also in the course of 
chronic nephritis, when the inflammatory action is from any cause in- 
creased in violence. — The shape and color of the red blood corpuscles as 
they are seen in the urine, have already been described on p. 287. 

Epithelial cells. (See Fig. 20, p. 135.) The epithelial cells found in the 
urine may be detached from any part of the urinary apparatus, and are 
met with in all affections of these parts. The renal epithelial cells, as 
they appear in the urine in kidney diseases, are sometimes separate from 
each other, at other times adherent. The urinary passages throughout 
their whole length are protected by several layers of pavement epithelium, 
disposed one over the other, forming a lining membrane which is of 
greatest thickness in the bladder. The vesical epithelial cells are gener- 
ally large, provided with only a single nucleus (like the buccal epithelial 
scales), polygonal, and more or less rounded at the angles, — characters 
which render their recognition easy. Below the superficial pavement 
epithelium of the bladder are numerous smaller, nucleated, spindle-shaped 
cells, which make their appearance in the urine when the catarrh is severe 
enough to involve the deeper layers of the epithelial lining of the bladder. 



Tube-casts in the Urine. 

Before beginning to look for these bodies, which play such an impor- 
tant part in the diagnosis of renal diseases, the urine should be filtered, 
or should bo allowed to stand and deposit a sediment in a glass of suitable 
construction, as the casts are seldom so abundant as necessarily to be pres- 
ent in every single drop of the urine when ac^itated, as immediately after 
emission. One drop of the sediment from the glass, or of that which is 
caught on the filter, should be placed under the microscope and exaniined 
with a power of 300 diameters. 

These cylinders are simply casts of the uriniferous tubules, which are 
washed out of the kidneys hv thc^ flow of urine. Thev are divided into 
three principal varieties : e})ithelial, granular, and hyaline casts. Epithe- 
lial casts consist of the e})ithelial lining of the tubuli uriniferi, expelled 
in a more or less complete form (desquamative nephritis). As regards 
the manner in which the ^rranular and hyaline casts are formed authori- 
ties are not by any means unanimous. Whilst according to the older 
(and recently revived) view they should he regarded as transudation-pro- 
ducts derived from the blood, they are described by some as due simply 
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to deffenerative change in the epithelial cells. It is generally assumed 
that the granular casts represent the primary form of the degeneration of 
the renal epithelium, and that the hyaline casts are a secondary modifica- 
tion resulting from the same degenerative process. 

In support of the theory that tube-casts are formed by exudation from 
the blood, Weissgerber and Perls have recently brought forward the fol- 
lowing arguments : the epithelial lining of tubules filled with homogene- 
ous casts is found perfectly intact; casts are often entirely wanting in 
tubuli whose epithelium is already the seat of very extensive degenerative 
change; on raising the pressure within the renal veins in animaTs, by con- 
stricting the principal vein, not by closing it absolutely, as this would 
arrest circulation in the part, fibrinous casts are invariably found in the 
kidneys; on microscopic examination of such sections of the kidney no 
appearance is discovered at any point which suggests the idea that the 
epithelium is metamorphosed into casts, but there are very often seen the 
various stages of a process in which a simple albuminous fluid, which com- 
pletely fills the lumen of the uriniferous canals, seems to be gradually 
transformed into casts of these tubes. 

The granular (or fibrinous) casts are of different lengths, according as 
they are expelled from the uriniferous tubules uninjured or in fragments; 
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Fio. 67.— Tube-casta, renal and vaelcal epi- Fio. 68. — Fiitty granular 

thelium. otmt. — Fatty renal epithtllnm. 

they vary in length from ^ to 1, seldom 2 mm. or a little more, and in 
breadth from 0*04 — 0*06 mm. ; they are very darkly granular, a feature by 
which they are very readily known when seen, arc frequently covered by 
blood and pus corpuscles, and contain also a yellowish fatty detritus. In 
very violent acute nephritis they occur in great numbers in the urine; they 
are also very abundant in chronic nephritis. 

Hyaline casts are strikingly pale and transparent, their outline being 
also made more distinctly visible by staining with carmine or aniline; they 
are occasionally absolutely free of any figurate element, but in other cases 
show here and there a little granular fatty detritus or a few epithelial 
cells. Between the typically granular and hyaline casts come many in- 
termediate forms; many present the characters of both varieties, being 
darkly granular at one part and perfectly pale and clear at another. In 
length and breadth there is no difference between hyaline and granular 
casts. 

Epithelial casts consist almost entirely of the detached epithelial lin- 
ing of the uriniferous canals; the individual cells of which they are com- 
posed present generally the signs of being in a more or less advanced state 
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of degeneration, they are dull and clouded in appearance, swollen, dotted 
with numerous brilliant globules of fat, and are occasionally surrounded 
and almost hidden by blood and pus corpuscles and fatty debris. They 
are, as a rule, easily distinguished from the other figurate constituents of 
the urine. 

Tube casts in the urine are commonly accompanied by free red blood 
corpuscles, colorless blood globules (pus corpuscles), and epithelial cells. 
These elements often afford a clue to the particular stage which the mor- 
bid process within the kidneys has reached, though any inference based 
on the results of microscopic examination alone is apt to be fallacious. A 
very abundant fatty detritus mingled with epithelial cells in a state of fatty 
degeneration, and the presence also of large numbers of thin, narrow casts, 
generally indicate that the nephritis has arrived at a somewhat advanced 
stage, — atrophy; very large, broad granular casts and red blood corpus- 
cles are indicative of the early stages of nephritis or of a fresh exacerba- 
tion of an old-standing affection; very frequently, however, all the differ- 
ent kinds of casts are found together in the same urine. The special form 
of nephritis present in each case cannot be determined by microscopic ex- 
amination alone. 

Whilst in all cases the occurrence of tube-casts in the urine may of 
itself be accepted as conclusive evidence of the existence of an inflamma- 
tion of the kidneys, — an inflammation which may be simple and uncom- 
plicated, or which may appear in connection witn other affections, such 
as scarlatina, diphtheria, cholera, small-pox, &c., — the other figurate ele- 
ments, the red and white blood corpuscles, epithelial cells, detritus, are to 
be regarded as diagnostic of nephritis only when accompanied by casts; 
wherever such casts are wanting the microscope alone is not sufficient to 
fix with precision the site of the disease. 

Coagula of fibrin are often observed in the urine in acute and hsemor- 
rhagic nephritis ; these bodies are somewhat elongated in shape and are 
not unlike granular casts, but may be distinguished from these by the 
irregularity of their outline and the total absence of structure and of 
figurate elements. 

Every urine which contains casts is albuminous. There exists no 
absolute relation between the quantity of the albumen and the number of 
the casts; the latter may be few in a highly albuminous urine, or plenti- 
ful when the albuminuria is slight. Thus, in amyloid degeneration of the 
kidneys the urine may be loaded with albumen but may show very few 
casts under the microscope, while in acute renal disorders tube-casts are 
often abundant in a urine which is but feebly albuminous. — Nothnagel 
states also that hyaline casts always appear in the urine in intense ic- 
terus. 



Inorganic Urinary Sediments. 

The sediments which are met with in acid urines, both normally (but 
only in traces) after cooling and in pathological conditions, are the urate 
of soda and free uric acid, more rarely the oxalate of lime; the sediments 
of ammoniacal urine consist of urate of ammonia and phosphates (phos- 
phate of lime and ammoniaco-magnesian phosphate). 

Urate of tSoda, This salt, which is found in small quantities in nor- 
mal urine, is deposited in great abundance in all febrile diseases, especi- 
ally during the critical period, after violent physical exertion, and in the 



A HAITDBOOE OF PHYBIOAL DIAOKOSIS. 

arms of those who habitually indulge to excess in eating. It is preoipi- 
tated only when the urine coois, and forms a dirty yellowish oliy-oolored 
or reddish (briek-dust) sediment. Under the microscope it is seen to be 
aniu-rphotis, and ia made up of very mi- 
nute, irregular granules, often aggre- 
fated into small masses, but easily bro- 
en up and reduced to its original divi- 
ded condition by gentle pressure with 
the object-glass. The opacity occasioned 
in the urine by the urate of soda dis- 
appears rapidly on the application of 
heat, the fluid becoming perfectly clear. 
Uric Acid. In warm urine this sub- 
stance is but very sparingly soluble; it 
falls at once as a crystalline sediment 
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?[uireB a yellowish red or sometimes 
aintly brown coloration. Under the mi- 
aroBcope it shows the most diverse crys- 
talline forms, appearing usually in rhom- 
bic plates or oolumns, four-sided prisms, 
often in dumb-bell or barrel-shaped crys- 
tals. Sometimes these crystals are sep- 
arate from each other, at other times ar- 
ranged in groups; many of them are 
large enough to be visible to the naked 
eye, and for microscopic examination 
they demand at most only a low power, 
100 — 150 diameters. In the urine it is 
commonly combined with the acid urates 
of soda and potash. On adding hydro- 
chloric acid to the urine the uric acid 
is set free and in a short time crystal- 
lizes out; the process of crystallization 
may be observed in the field of the mi- 
croscope on adding one drop of hydro- 
chloric acid to a sediment of urate of 

Uric acid may be recognized by its 
chemical reaction as well as by its mi- 
croscopic characters. Thus, on dissolv- 
ing a few crystals in a little nitric acid, 
wanning and evaporating, and treating 
the reddish residue with a weak solution 
of caustic ammonia, a deep purple col- 
oration is obtained (purpuraCe of ammo- 
nia, murexid), which changes to violet 
blue on the further addition uf a few drops of caustic potash or soda. 

The excretion of uric acid is doubled, sometimes trebled, in febrile 
and other diseases (of the respiratory and circulatory organs, disturbances 
of nutrition, &c.); in arthritis it is deposited Jn the joints. Renal calculi 
sre often composed exclusively or in great part of uric acid and its salts. 
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The oxalate of lime, a normal tliough by no ineaue a conslant conBtit- 
nent of the urine, presents itself under the microscope in llie form of ex- 
ingly minute octobedra, bearing a certain resemblance to the envel- 
ope of a letter. This deposit is generally very scanty, and is most often 
thrown down in urine which also contains uric acid. The 
abundant discbarge of such crystals is not an unfailing sign 
of a pathologically increased oxaluria; the urine may be moder- 
ately rich in oxalic acid without giving rise to the separation 
of oxalate of lime crystals, as the latter salt may be held In 
solution, especially by the acid phosphate of soda. Its quan- 
tity per day seldom rises above 'i centigrammes (Ffirbringer). 
It sometimes forms calculi in the kidneys and bladder- 
Phosphate of lime and phosphate of magnesia are soluble 
in acids and are therefore not deposited in acid urines; they 
are excreted to about the extent of 1 gramme per day (Neu- 
' bauer). When present in the urine in large quantity they are precipitated 
' undant white sediment, the urine being neutral or alkaline to test- 
paper. Phosphate of lime occurs as an amorphous powder, sometimes also 
m crystals, often forming beautiful star-shaped masses. The phosphate of 
magnesia is also sometimes deposited in the crystalline form as elongated 
pistes (Stein). Increase of the earthy phosphates is noticed often in 
phthisis, in rachitis in children, and in other diseases, frequently keeping 
})ace with a similar increase in the separation of indJcan (Senator). — Cystine 





is rathfir a rare constituent of the urine, only 53 cases in which it was de- 
tected being recorded in medical literature; it somerimes forms concretions 
in the kidneys, at other times crystalli/es in colorless hexagonal plates or 
prisms. Among other points by which cystine may be distinguished from 
' ' which frequently assumes exactly the same crystalline forms, 
is, that the former, when dissolved in nitric acid and treated with 
■ dailv excretion of evstine 




recently put on record by Niemann, to about O'i 
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gnmme, and in that reported by Locbiscb to 0'4 granime. — Leucine and 
Tyrosine are met with in the urine in certain cases of acute atrophy of 
the liver and variola ; the former substance appears in granular, yellowish, 
globular masBes, or, when perfectly pure, in white and e:tQeedingly thin 
plates; the latter cryatallizea in very fine white needles. 

Urate of ammonia is formed when the urine undergoes alkaline fer- 
mentation, crystallising in small spherical masses studded over with spines 
(the thorn-apple crystals), 

Aramoniaco-magnesittu phosphate is invariably separated, as soon as 
the urine becomes alkaline, in colorless prismatic crystals of various sizes, 
most of them sliffhllv modified and tending to the ordinary co£Bn-lid shape. 




5^ 

to 



tnujioak*, ODd triple pbOFphntv. 



These crystals are freely soluble in acetic acid, a property by which they 
may readily be distinguished from the oxalate of lime, which is not soluble 
in acetic acid; this is a reaction of some importance, as the phoEphatio 
crystals, when very small, resemble closely those of the oxalate of lime. 

Of tbo lower organisms found in the urine should be noticed the rod 
bacteria which always accompany fermentation of the urine, and sarcinie. 






VOMITING. 



hen the ramifications of the pneumogastric nerve in the 
ibrane of the stomach and pharynx are subjected directly or indirectly 
to any abnormal irritation, reflex and very energetic contraction of the 
diaphragm and abdominal muscles is set up, whereby the stomach is 
firmly compressed on ail sides and its contents discharged upwards. The 
stomach itself is not actively concerned in the act of vomiting, except in 
so far as it contributes by the opening of its cardiac orifice; its muscular 
coat contracts very little, if at all,* 

* It is neccsBary that the oarJino oriSc«of the stomaob HhoiUd be opened before 
TomitiDg can take place. The Bbdominnl prepwiiro olcino in not sufficient to effect 
this, as there are certain oanditions, diincnit and painful defieoatioa. for example, in 
which, natwithstaudiiig the &mouiit of presBure braQght to bear on tbe stomach by 
the abdnmiDol muocles. the conteuta of tbe etoiuoch arc not ejected, simply because 
the mrdioc orifice of tho organ remains closGd ; on tbe other band, vomiting is nut 
■aofrequantlj observed in animBln on eipoHing the atomaoh and injecting tartanited 
" "' " ' ' '' M. though in this case the foroe exerted by the walls of the 




pletaly eliminated aa a factor in tha ptooeaa. 



M 



804 A HANDBOOK OF PHTSICAL DIAQN08I3. 

The irritation of the seoBoi^ nerve-terini nation b in the stomach may 
be direct or indirect. Direct irritation is produced by etnetios, poisoDs, 
nauseous substances, violent shooks, or by merely overloadiog the stom- 
&ch; in all gastric diseases, from simple catarrh to the malignaut new for- 
mations, and often also in simple hypenestheaia of the gastric nerves, 
unaccompanied by any anatomical change, the stomach is more or len 
directly irritated. There is no disease of the stomach in which Tomitiog, 
transient or persistent and recurrent, may not appear as a aymptom in 
some part of its course, though in many cases it is entirely wanting from 
beginning to end; it is only in cancer, especially when it causes Btrictnreof 
the pylorus, tliat vomiting comes to be an absolutely constant symptom. 

lo diseases of the stomach vomiting takes place more readily when 
the organ is full than when it is empty; it is occasionally brought on also 
in such circuni stances by every variety of solid food, sonietimea even by 
the blandest fluids, at other times only by taking things which are diffi- 
cult to digest or by special articles of diet; it may occur immediately 
after eating or only after the lapse of some time. In certain cases it is 
possible to form some idea as to the seat of the disease from the interval 
which elapses between the taking of food and the starting of tbe vomit- 
ing; thus, in cancer oE the stomach the patient rejects his food almost 
directly after a meal when the cardiac orifice is contracted, but if the dis- 
ease be located about the pyloric end, producing stenosis of tbe pylorus, 
the vomiting does not begin till several hours have passed. 

The irritation of the gastric nerves may be indirect, the organ Itself 
being perfectly healthy in structure. This is sometimes due to abnonosl 
excitation of the vagus at its origin in the brain, — hence the frequency 
of vomiting in cerebral diseases and in certain afTections of the nervous 
system, — or to reflex irritation of the vagus through some of the abdom- 
inal plexuses of the sympathetic, with which it is connected by anasto- 
moses. Tn some cases the vomiting which so often attends affections of 
the abdominal organs may be explained by the relation which subsists 
between these two portions of the nervous system; in many other cases, 
however, this c\planation is not so satisfactory. 

EXAMIXATIOS OV THE VoMITKD MaTTEES. 

ith the naked eye, which in most instances is 
gnostic purposes; in certain circumstances, how- 
ever, a microscopic examination becomes neces- 

According to the stage of digestion at 
which vomiting has occurred, the matters 
brought up, consisting partly of fluids and 
partly of solids, are more or less acted upon 
by the gastric juice, and have a more or less 
powerful acid odor. AVhcn the stomach is 
empty, or after repeated evacuation of iti 
contents, vomiting expels only a ropy, viscid, 
mucous secretion, with which are sometiniM 
mingled biliary matters from the duodenum, 
which give to the discharges a greenish colora- 
tion. The bile is pressed out of the duodenum 
into the stomach by the energetic contraction 
of the abdominal muscles, particularly when the vomiting is severe *od 




A HAITDBOOK OP PnTSIOAL DIAGNOSIS. oOo 

accompanied by much straining-, — as it alnays is when tlie stomach is 
empty. 

Of the abnormaJ elements ivhich may present themselves in the vom- 
ited matters the most important IH filovi!. In some 
cases the proportion which appears among the vomit- 
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arly pure, almost 
always coagulated and blackened 
by the action of the acids of the 
stomach, when it resembles black 



mods. Ha;i 



alTections of the stomach, ( 
in roundMleer; the bleeding i: 
oeration which is dut 
rhage may take plac 



met with ii 



Hiemor- 
e of any ana- 



job- 
ulcerative 
'haps most abundant 
3 Tery free also in the ul- 
) corrosive po 
?n in the abac 
tomical lesion of the stomach, from congestion of the 
j^strio veins, from engorgement of the portal system ^ 
(as in cirrhosis of the liver), or from overloading of the ? 
gaatrio vessels from other causes; of this last-men- ^ 
tioned variety is the periodical recurrent hiamatemesis L 
' ' 'a certain cases of amenorrhcea. g. 

B are frequently found in the vomited matters p 
in chronic gastric catarrh, and particularly in cases of | 
dilatation of the stomach. Thoy are developed in all ■*' 
conditions in ivhich the food remains for an unduly | 
long period in the stomach and in this way undergoes J 
various abnormal modliications (fermentation, &q.). k 
Sarcinw consist of small four-aided cells, measuring | 
sfoout 001 mm. in diameter, which are usually united f 
in fours to form a single element; these elements, | 
again, often combine similarly in fours to form still e 
larger squares presenting sixteen separate subdivi- § 
sions; all further increase also is made in fours. ^ 

Ascaridcs lumbricoides sometimes find their way ^ 
from the bowel into the stomach, and may then bo 
mingled with the vomited matters. Besides these ab- S 
normal constituents, microscopic examination reveals I' 
many other substances derived from the food taken, p- 
all more or less altered in appearance by the action of " 
the gastric juice. 



THE INTESTINAL DISCnARGES. 

Alteration in the frequency and in the appearance 
of the alvine discharges are the principal objective 
signs of functional intestinal disturbance. The mo- 
tions may be fewer than normally (constipation), or 
more frequent and liquid (diarrhcea). 

Constipation. 
Slight constipation, in which the bowels are moved 
about every two days, and a severer form also in which the interval be- 
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^^^1 tween the motions is prolonged to 3 — 4 days, are very common pie- 
^^^K iiomena; in many instances such a disorder is periodical iii its recurreDoe, 
^^^1 and in some persons habitual. Constipatioa lasting o — G clays is seldom 
^^^1 met with, as therapeutic mensures intended to remedy the condition are 
^^^1 generally adopted before it has continued so long, while still longer in- 
^^^ft tervals, 2 — 3 weeks, for instance, are very exceptional. 
^^^B Constipation is most commonlv to bo ascribed to sluggftsb pertstaltio 

^^^H action of the bowel, and in a smaller number of cases to the presence ol 
^^^1 some obstruction within the bowel, which mechanically opposes the od- 
^^^1 ward progress of the intestinal contents, and which may, in certain ci^ 
^^^H ' cumstances, oEEer an absolute barrier to their passage. 
^^^1 The peristaltic movements of the bowel are rendered sluggish by reir 

^^^1 many different causes, which are in part connected witb the manner ot 

^^^M life of the individual, and which in the more marked forms of the aSee- 
^^^1 tion are invariably of a pathological nature. These causes may be 

^^H grouped together in the following way: want of active physical exercise, 

^^H slowness of digestion and tissue -metamorphosis, unsuitable diet (coosist- 

^^H ing especially of very solid and unstimulating substances), distentioti of 

^^H the bowel by gas ; peristaltio action is slackened also when bile, a nttr- 

^^H mal stimulant of the bowel, is wanting in the intestinal contents, a fui 

^^^B which explains the frequency of constipation in obstruction of the bile- 

^^^1 duct, from duodenal catarrh and other causes; the muscular coat of ibe 

^^^1 bowel may, further, be temporarily enfeebled through over-oxertion and 

^^^1 simple fatigue, induced by severe diarrfacea or the action of medicines,* 

^^^V or it may be permanently weakened by repeated drastic purgatives; f tlie 

^^^1 peristaltic movements are also retarded by diminution in the contractile 

^^^B power of the muscular tunic of the intestine, such as that observed in io- 

^^B ilammation of its peritoneal investment, or by deficient innervation, as in 

diseases of the brain and spinal cord, perhaps also by spasmodic contrM- 
tion of the intestinal muscles and consequent narrowing of the alimeo- 
tary canal, as in lead colic. — In some cases several of the abovB-named 
causes may be in operation simultaneously; their recognition is usually a 
matter of no difficulty. 

The onward movement of the contents of the bowel may be rendered 
slower or may be absolutely arrested, and constipation of various degrees 
of severity, or even impassable obstruction, may be set up, by the pres- 
ence of some mechanical obstruction which compresses or completely 
closes the bowel; constipation, however, is much more seldom due to this 
condition tbau to feeble peristaltic action. This encroachment on the 
lumen of the intestine is dependent on causes some of which lie witbin, 
others without the bowel. Among the internal causes should be reckoned 
strictures, invaginations (Intussusceptions), twisting and flexion of ths 
intestine; large, hard fascal masses, and large biliary calculi, lodged »t 

* When in disense the peristaltio movementB of the bowel become nbDormally \etin 
tbej ma; be Tnudemted bj the nae of remodieH which soothe the irritabilitj at Hk 
eeiuorj Qerres of tbe mteBtinal muooaH membrane or which diminUh the seccetioo 
from the intemail surface at the bowel ; to a slight d^iee also this may be ■emit- 
plished bj a properiy-i^ulated diet, coneisting of bland nuciloginonB •ubitutcel 
which cover and protect the geusitive mucous mirfaoe. 

t Many who sulTer from habitnal oonstipntion aggravate their maladj by t^* '"''' 
ose of drastic purgatives, the effect of which is that nn eTer-incrensiiig device id 
irritfttion, obtained either by adding to tbe dose or hy the employment of more en«- 
t^tic drugs, is needed to awaken peristaltic notion in the bowel ; tbe natunll ct!malii% 
the mere preHence of the intestinal contents, ia of very little avail in saoh MM^ 
tboagh its influence is soon tn great part restored on witbboIiUug the pii^g«tli«. 
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various points in the intestinal canal, particularly above strictures, where 
they distend the bowel and form diverticula, constitute mechanical ob- 
stacles of the character described. To the group of causes external to 
the bowel belong compression by the uterus in the gravid state or when 

Sathologically enlarged or retroverted, by ovarian tumors, by very marked 
ypertrophy of the prostate, and by strangulation of the intestine 
(strangulated hernia). If these obstacles produce merely a narrowing of 
the lumen of the intestine, they may always be overcome by drastic pur- 
gatives, by exciting powerful peristaltic action ; but if the closure of the 
canal be complete, as in strangulation, no advance of the retained intes- 
tinal contents is possible, — they rather travel backwards in the bowel if 
no operative measures be adopted for the removal of the obstruction, and 
eventually, on reaching the stomach, are discharged by vomiting. This 
(stercoraceous) form of vomiting is often observed in ileus. 



DiARBHCEA. 

Diarrhoeal discharges are more fluid and are usually also more abun- 
dant than those of health. It sometimes happens that a person is seized 
with a sudden but transient attack of diarrhcBa, one or two thin watery 
motions following closely one on the other, the disturbance then subsid- 
ing and stools of natural consistence making their appearance; this is 
usually caused by some short-lived irritation of the intestinal mucous 
membrane by errors in diet, by cold in those who are so predisposed, by 
sudden change in the habits of life, &c. Wherever actual disease of the 
mucous membrane has given rise to diarrhoea the frequency of the motions 
is invariably increased; 3—4 evacuations of the bowels in the 24 hours 
are a moderate number in acute intestinal diseases, while in the intestinal 
catarrh of children, in typhoid fever, dysentery, and cholera, they may 
number 20 or more in the 24 hours. The stage of the affection, however, 
in which the stools are so loose and so frequent, does not last long, — a 
few days or even a shorter time. In chronic diseases of the intestine 
diarrhoea is never, except incidentally, so severe as in acute diseases ; 
occasionally, indeed, it is varied by longer or shorter periods of consti- 
pation. 

Diarrhoeal evacuations are sometimes perfectly painless; at other 
times they are preceded by a peculiar painful sensation, known as co/io, 
which generally originates about the middle of the abdomen and radiates 
towards the other parts. Painful and painless stools may alternate with 
each other in the same patient; the presence or absence of pain there- 
fore, in the majority of cases at least, offers no diagnostic indication of 
the special form of disease in which the bowel is involved. Nevertheless 
pain before or at stool, if associated with tenderness to pressure on the 
abdomen, generally warrants the inference that the bowel is probably the 
seat of an ulcerative affection. 

The alvine discharges always assume a diarrhoeal character when from 
any cause the peristaltic movements of the bowel are increased in rapidity 
and energy, so that the intestinal contents are carried more quickly on- 
ward, so quickly that they are expelled before their fluid constituents 
(dissolved alimentary matters and fluid derived from the intestinal ves- 
sels) have been to a sufficient extent absorbed. 

The causes of the increased peristaltic action are many and varied, 
but they all admit of one of two interpretations, — ^the sensory nerves of 
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the intestinal mucous membrane are either subjected to abnormal irriu* 
tion or they are unduly sensitive; both classes of causes are frequentlj 
present. The mucous membrane is irritated by various articles of diet^ 
particularly if they are taken in large quantity or injudiciously combined. 
The lining membrane of the bowel becomes abnormally sensitive when it 
is attacked by disease; all intestinal affections, from simple, transient 
catarrh to the severe ulcerative processes, are usually accompanied by 
diarrhcea, which in chronic diseases may for a time disappear and be re- 
placed by marked constipation. This increased sensibility may in acuta 
intestinal diseases become so intense that even the intestinal secretions, 
which in such cases are greatly augmented in quantity, act as powerful 
irritants. 

Peristaltic movements, excited in any part of the intestine by any of 
the above-named pathological causes, travel onward in undiminished in- 
tensity through the whole length of the bowel, so that, for instance, in 
catarrh of the small intestine they may be transmitted from their starting- 
point there to the perfectly healthy colon. 

If the increased activity of the peristaltic movements in catarrhs of 
the small intestine were limited to this portion of the alimentary tract, 
the movements of the large intestine continuing normal, the intestinal 
contents would remain long enough in the colon to permit of the absorp- 
tion of their fluid constituents, and the properly diarrhoeal discharges 
would be wanting, — which, however, is not the case. 

The loose diarrhoeal motions also which follow the therapeutical use of 
drastic purgatives, are produced by the increased energy of the peristal- 
tic movements. 



Examination of the Intestinal Dischabges. 

In examining the motions attention should be directed specially to the 
following points: their quantity, consistence and form, color, odor, and 
the presence in them of abnormal constituents. 

The quantity of fsecal matters passed in health depends on the amount 
of food taken and on the proportion of indigestible elements which the 
various articles of diet contain. It is always increased in diarrhoea, by 
the addition of the intestinal secretions and of such portions of food as 
have escaped absorption. In acute intestinal diseases, — ^acute catarrh, 
European and Asiatic cholera, dysentery, for example, — ^the evacuations 
may be enormous, consisting in great part of watery transudation from 
the mucous surface and to but a slight extent of excrementitious mat- 
ters. 

The consistence of solid motions is proportionate to the time taken 
by the intestinal contents in travelling through the bowel to the rectum; 
the slower the rate of transmission the more completely will their fluid 
constituents be removed by absorption and the firmer will be the faeces. 
In those who suffer from constipation, accordingly, the motions are usually 
hard and dry. The form of the motions depends on their consistence; 
only such as are solid are " formed," semi-solid discharges being described 
as pultaceous, those which are more fluid as soup-like, &c. 

The color of the dejecta, which in health is brown, is owing to the ad- 
mixture of the coloring matter of the bile, hydrobilirubin. When the bile 
is prevented from entering the bowel, as when the ductus choledochus is 
closed, the motions have a dirty grayish, clay color. 



A HANDBOOK OF PHYSICAL DIAGNOSIS. 309 

It is only in duodenal catarrh that discharges absolutely destitute of 
bile are seen, as it is only in this affection that more or less complete clos- 
ure of the bile duct takes place; in diseases of the liver and biliary ducts, 
though the flow of bile into the duodenum is often impeded, it is never 
entirely arrested. If, in the course of a duodenal catarrh, the faeces begin 
to show again a brownish coloration, it may with confidence be inferred 
that the bile is again escaping into the duodenum even though the jaun-* 
dice show no sign of abating. 

Diairhoeal motions also, like those of semi-liquid consistence, are yel- 
lowish-brown, but turn clearer and paler the more abundant they become, 
as the bile which enters the duodenum is diffused through a much larger 
mass of fluid. If the discharges be exceedingly profuse, as in Asiatic 
cholera, the quantity of bile poured out remaining the same or even being 
reduced, their yellow color is lost by degrees till eventually they exhibit 
no further trace of the presence of bile; they are then perfectly colorless 
or dirty white, and are composed only of the rice-water fluid exuded from 
the intestinal vessels. 

In young infants the motions, which normally are of a clear yellow- 
ish-brown color, often become greenish, especially when dyspepsia is pre- 
sent; the cause of this coloration has not yet been satisfactorily made 
out, though it is probably to be sought in a metamorphosis of bilirubin 
into biliverdin. The dejecta acquire a similar grass-green hue on the in- 
ternal administration of calomeL 

The motions take on an abnormally deep brown color in constipation 
of long duration. They are blackened by the internal use of the prepa- 
rations of iron, of which only a small portion is absorbed, the remainder 
being mixed up in the intestinal contents. 

Fluid motions are stained reddish-brown or brownish -black (chocolate- 
oolor) when they contain large quantities of blood derived from the upper 
part of the intestinal canal ; in such cases the oxyhaemoglobin of the arte- 
rial blood is transformed into methamoglobin and hsematin. When the 
blood comes from the rectum it does not remain long enough in contact 
with the faecal matters to permit of this round of changes beginning, so 
that the color it imparts to the motions is a clear, well-marked red. The 
presence of even a slight trace of blood is indicated by the color it com- 
municates to the evacuations. 

The odor of the motions is characteristic; it is due essentially to the 
volatile products formed in connection with the decomposition of fatty 
matters. It is of very little practical importance, as the differences which 
it presents are only differences in intensity, not in kind. The simpler 
and plainer the food, as in infants still nursed at the breast, the less pow- 
erful the smell. When the motions are very fluid and succeed each other 
rapidly their odor diminishes very considerably. The rice-water discharge 
observed in cholera is almost entirely devoid of odor, as it contains prac- 
tically no faeculent materials. In inflammatory and ulcerative affections 
of the bowel, particularly of the rectum (cancer, for example), the motions 
sometimes have an extremely offensive and penetrating smelL 



Abnobhal Substances in the Intestinal Dischaboes. 

The appearance of any abnormal constituent in the motions is, as a 
general rule, of practical or diagnostic importance only when the admix- 
ture of the foreign element is so large as to be plainly obvious to the 
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naked eye. Occasionally, however, the presence of the morbid material 
cannot be satisfactorily determined without having reeourae to micro- 
scopic examination. 

The abnormal substances found in the alvine discharges, recogniuble 
usually by simple inspection, are the following: 

lilood. Motions which contain a large proportion of blood are more 
or less fluid, as the diseases which give rise to intestinal hEemorrhages are 
also usually accompanied by diarrhcea. Smaller quantities of blood dut 
be mingled with fieculent matters of a aemi-solid consistenoe or disposed 
in streaks on the surface of the motions. Blood may also be voided pe^ 
fectly pure and unaltered. In certain circumstances the blood whico it 
seen in the stools comes from the stomach, as, for instance, when the hlood 
poured out in cases of perforating gastric ulcer is not got rid of by vomit- 
ing but pusGes downwards through the intestine; such discharges com- 
monly take the form of masses of coagula of a brown or blackish-red color, 
resembling tar. In all other coses the blood is derived from the int«GtiQe, 
aucb hicmorrhage being caused usually by ulceration of the raucous mem- 
brane; blood is therefore very frequently present in the evacuations in 
typhoid fever and dysentery, — But the existence of an actual lesion of 
the mucoua membrane of the bowel is not necessary to the appearance of 
blood in the motions; the hicmorrhage may take place from ruptured cap- 
illaries or from the hursting of the dilated and tensely engorged veins of 
the rectum. It is to the occurrence of bleeding of the latter variety thtl 
the disease known as ha?morrhoidE owes its name. 

But the dilated hemorrhoidal veins are not the only source of intestinal 
hiEmorrhage; in those cases in which circulation through the liver is im- 
peded all the abdominal veins which join the portal systeui, and amoag 
them those of the rectum, ore overcharged with blood, and in this way in- 
testinal vessels of small calibre are often ruptured. Hiemorrhage froni 
this cause is not unfrequently observed in cirrhosis of the iiver and in cuei 
in which the portal vein is compressed by tumors. 

Pus is found in the motions, or is passed in small quantities pure and 
unmixed, in ulcerative affections, particularly of the rectum, and in chronic 
rectal inflammations; or it may come from abscesses situated close to the 
rectum and opening into it. — Mucous secretions alsOj usually mingled with 
pus, are discharged in various rectal diseases, 

Ti»sue~eleme»t8 from the intestinal mucous membrane occur in tlie 
stools in violent enteritis and ulcerative affections of the bowel; they are 
composed for the most part of detached epithelium, sometimes of shmia 
of mucous membrane. The intestinal epithelium is separated freely iu 
cholera. 

Mmgi appear abundantly in the rice-water motions in cholera. In the 
intestinal or infectious disease designated mycosis intestinalis, to whieli 
attention has recently been directed, innumerable fungous elements anil 
bacteria have been discovered not only in the dejecta but also in the will 
of the intestine, in various other tissues, and in the blood.* 

The motions, particularly those observed in the diarrhcea of children, 
often contain fragments of undigested food. 

Worms are frequently voided with the intestinal discharges, sometime 
spontaneously, but uhubUf, and in greatest number, after the adminis- 
tration of anthelmintics. The eggs of the worms are often expelled wuh 

e lutext olmerver? (Tlnbl. Wnlileypr, E. Wagner. LealM tai 
is siinplf a local imuiiCefitatioa ol that known as Bpleule Aj 
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the fseces, occasionally in such abundance that several may be seen In 
every drop examined under the microscope. 

The worms which inhabit the human intestine are: the asearU I ttnbri- 
coidcs, the round worm, whose habitat is the whole of the small Int «tiiie; 



BOOS or ISTBSXINAL WOBMB. 




the oxj/iiris vermieularta, the thread-worm, which lodges in the large in- 
testine, chiefly in the rectum; both of these are most commonly found in 
children. The tricocephalun dispar, the whip-worm, lives in the cseoum 
and colon, and occurs in both chil- 
dren and adults. There are three 
varieties of tape worm, tCBuia solium, 
tcenia sagimUa (or medioeanellata), 
and botkriocephalus lutus; these par- 
asites are met with principally in 
adults, and occupy the small intestine. 
Bothrioccphulus latus is rare in Ger- 
many, and is seldom obsen^ed in coun- 
tries in which t^nia soHuma bounds. 
Calculous formations (gall-stones 
and intestinal calculi), occasionally 
appear in the motions. The former 
may be detected in the fseces after 
the patient has suffered for a longer 
or shorter period from gall-stone cot- 
Fio Tu — OBU-Kaiu. ic; but small calculi, biliary gravel, 

very often escape observation. Gall- 
stones enter the duodenum through the ductus choledochus, or sometimes 
through openings formed between the crall-hladder and the bowel bv in- 
flammatory adhesion and subsequent perforation, a process which explaios 
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satisfactorily the voiding of concretions so large that they could i 
sibly have passed through the common bile-duct. Biliary calculi are o 
posed chiefly of cholesterine, and are therefore soluble in alcohol and ettier. 
Intestinal concretions are formed io the bowel itself, certain salt«, partic- 




ularly phosphate of magnesia, ammoniaco-magnesisn phosphate, and V. 
ouB organic combinations, being accumulated round some solid body [aaeh 
as a fruit-stone) asacentrc; in some cases organic concretions, blood dots, 
undigested fragments of food, or very hard ftecal masses, serve as the nu- 
cleus round which the different oonstituents of the stone are deposii 
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APPENDIX. 



LARYNGOSCOPY. 



Thb larynx is explored by bringing its different parts into view by means 
of mirrors. Its interior is illuminated with natural or artificial light 
reflected downwards from the pharynx, the image of the vocal cords and 
the adiacent structures being received on a plane mirror (the laryngeal 
mirror) placed against the uvula. 

The real originators of the practice of laiyngoscopy are Ttlrok and 
Czermak (1857 — 1868); the former invented the laryngeal mirror, while 
to the latter we owe the publication of the first experiments made with 
it and the introduction of artificial light as a means of illumination.* 

The larynx may be illuminated in one of three ways: by the rays of 
the sun, by the diffuse light of day, or by lamp-light. 

1. The full light of the sun is the most intense; if therefore one has 
at disposal a chamber into which it shines strongly its rays, either direct 
or reflected, may be employed. The direct solar rays are available only 
when they do not enter the room too obliquely. If the examination is 
protracted the apparent alteration which takes place in the position of 
the sun renders it necessary to be continually shifting the patient about. 
These difficulties, which at most are but trifling, may easily be got over 
by placing a plane mirror fitted with a universal joint (like that of the 
ordinary toilette mirror) in the window of the apartment, in such a po- 
sition that the beams of the sun fall upon it and are thrown either di- 
rectly into the patient's mouth or on a concave mirror and thence into 
the pharynx. The mirror must naturally be turned from time to time, to 
follow the apparent movements of the sun. 

2. The diffuse light of day is strong enough to be used for the illu- 
mination of the larynx in a well-lighted room and on a clear day. It has 
this advantage, that it shows the interior of the larynx in its natural 
coloring. The best method of employing it is to reflect it into the mouth 
of the patient from a concave mirror of 26 — 29 ctm. focal distance placed 
so as to receive the light entering by the window. The glare may be 
lessened by allowing the light to pass through only a portion of the win- 
dow or through a small chink in the closed shutters, but this is sel- 
dom necessary, nor is it practicable without great inconvenience. The 
illumination so obtained is not, of course, so bright as that produced by 

* The discovery that the interior of the larynx may be seen refleofced in a mirror 
laid on the uTnla belongs really to the early part of the present century, but the ob- 
servations then made were very imperfect ; — even the views of Garcia, Uie singing- 
master, on the movements of the vcxsal cords in phonation, pablished in 1855, did not 
materially advance the practice of laiyngoscopy. 
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the rays of tbe sun, but it is generally sufEcient to permit the sevml 
parts of the larynx to be distinctly seen. The position of the refleciing 
mirror for diffuse daylight and for sunlight is the same as that Bpocified 





below as requisite for artificial illumination and tbe aamo ftpparatui is 

iiecesaary. 

3. Artificial Illumination. Sunlight and davlight bein^ naturally 

available only at certain times, some method of illuminating the larynx 
artificially must ofton ba 
resorted to, and since the 
introdut^tion of larynffot- 
copy the efforts of invent- 
ors have been persistently 
directed to the perfecting 
of the apparatus by which 
this may be most sEEdcnt- 
ly accomplished. 

Artiticial light is used 
in two ways. 




about 16 elm, focal dis- 

s placed on a table in front of a common lamp (either a gas, petroleum, 
ir oil lamp), the light from which is thus reflected into the patient's 
noutb. By this means a very bright light is obtained; the area iUani- 
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nated is indeed sm&lE, but is auificiently large for the purpose, as only tbe 
laryngeal mirror, which projects the beam downwards into the larynx, 
needs to be lighted up, and not the whole of the pharynx. If it is de- 
sired to explore the mouth and pharynx, it is necessary merely to turn 
the concave mirror slightly from side to side iii order to 
throw the light on the different parts one after the other. 

The form of the lamp is perfectly immaterial. The con- 
cave mirror should be mounted on a stand (TOrck) which 
is fastened to the table (Waldenburg, Bose, &c.); this is 
a more convenient arrangement than that in which the 
mirror is tied on the head of the observer by a band pass- 
ing round the forehead, or is fixed in a spectacle- frame, — 
The concave reflector is provided with a central opening, 
through which the image is seen in the laryngeal mirror. 

b. The second method of employing artificial light con- 
sists in the introduction of lenses between the flume of the 
lamp and the concave mirror which reflects it; some use 
only one simple biconvex lens (Levin, 0. Fr^nkel), others 
two lenses (v. Bruns), or even three (Tobold). 

The light obtained by this apparatus is no brighter than 
that given by^ simple reflectors without lenses, but it appears 
clearer, as it is distributed over a larger surface and falls on 
the parts in the form of a clearly -denned circle. 

The manner in which the lenses are arranged and the 
construction of the different apparatuses, cannot be described 
here in detail. Tobold's apparatus is made in two forms, a 
larger and a smaller, both of which are fitted in a case and are 
easily carried about; the smaller model is in very estanaive 
use. 

The lamp should always stand to the left of the exam- 
iner, a little to the patient's right The lamp and reflect- 
or, — and the lenses, if they are used, — must be so placed 
that the flame is on a level with the patient's mouth; particu- 
lar care must be exercised in adjusting the various parts 
of the apparatus iC lenses are interposed between the lamp 
and the mirror. 

The only other instrument which is required in examin- 
ing the larynx is the laryngeal mirror. This is a plane mir- 
ror, round, oval, or square in shape, the circular form being 
the most generally useful; its diameter varies from IJ to 
Si ctm. The larger size, which has the advantage of show- 
ing a larger portion of the larynx, may be introduced when 
the fauces are wide, and in ind'ividuals in whom its frequent 
application has rendered the parts tolerant of its presence. — 
The mirror is made of highly polished glass, and is fastened 
to a stem of German silver at an angle of about 45 degrees; 
this stem fits into a wooden handle, in which it is firmly fixed ^^^ „..^, „, 
by means of & screw, e^ Diim>r. 

Lastkgoscopic ExAinNATION. 

The patient, with his head slightly thrown back, should be seated 
facing the observer and as close to him as convenient. The fauces are 
B to be illuminated, in the manner described above, and carefully ex- 
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amined to determine in the first place whether they are the seat of snch 
affections as pharyngeal catarrh, enlargement of the tonsils, ulcerations, 
&c., which often give rise to symptoms referred by the patient to the 
larynx. The examination of the larynx is then proceeded with. 

To introduce the laryngeal mirror the mouth must be opened widely 
and the tongue thrust forward* By the latter action the cavity of the 
mouth is enlarged, especially posteriorly; and as it also raises the larynx 
somewhat the Utter is more readily illuminated. The patient should put 
out his tongue and grasp its tip with the forefinger and thumb of his 
right hand, protected by a napkin, and keep it fixed in that position; if 
frequently examined he soon learns to keep out the tongue without the 
aid of the hand. In the case of patients who are still unaccustomed to 
the process the observer may, with the thumb and index finger of the left 
hand, have to catch hold of the tongue and at the same time steady the 
chin, in order to keep the head erect. 

Many patients bear laryngosoopic examination exceedingly well ; oth- 
ers with extreme difficulty, and only after long practice. The principal 
obstacles to be overcome are the disposition to elevate the tongue (and 
so obstruct the view) and the sensibility of the uvula to the touch of the 
laryngeal mirror. In most people there exists the inclination, when the 
tongue is thrust forward, to raise its base and press it against the hard 
palate, an action which renders laryngoscopy difficult or even impossible. 
If the patient is unable to control this movement he should be directed 
not to put out the tongue; if, notwithstanding this, the root of the 
tongue still rises, the examination may be facilitated by causing the 
patient to take several deep inspirations, the effect of which is usually to 
depress the tongue; or the base of the tongue may be kept down by 
means of a spatula. Occasionally these proceedings cannot be borne by 
the patient, on account of the choking sensations and retching they are 
apt to excite; repeated manipulation, however, generally lessens the sen- 
sibility of the parts. 

The difficulties arising from a faulty position of the tongue having 
been overcome, others appear on attempting to use the laryngeal mirror, 
as simply touching the uvula is often enough to cause spasmodic contrac- 
tion of the muscles of deglutition and severe retching. These accidents 
are often due to the unskilful introduction of the mirror, and patients 
who have frequently submitted to examination soon come to know, by 
the occurrence of retching, when the mirror is not properly laid against 
the base of the uvula, as they can bear its presence even for several min- 
utes without discomfort if it be held so as to lie in contact only with the 
uvula and with none of the neighboring parts. Some patients never get 
accustomed to the irritation of the mirror even though treated carefully 
and perseveringly, or at most they learn to endure it for a short time 
only. It is frequently observed also that whilst in the first few trials the 
mirror is borne easily and for a moderately long time, it on subsequent 
occasions produces an increasing amount of annoyance and at last ceases 
to be tolerated, particularly if the examinations be too protracted or re- 
peated too often ; then, of course, all attempts to get a view of the larynx 
must be given up for a time. 

Besides these choking sensations and the retching just mentioned 
certain other difficulties, due to local morbid conditions which seriously 
interfere with the proper adjustment of the laryngeal mirror, are encoun- 
tered. Hypertrophied tonsils and an abnormally long uvula present ob- 
stacles of this kind, the point of the latter being always apt to come io 
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front of the mirror; in the first case the introduction of a long narrow 
mirror^ in the second the employment of one of larger size than usual, 
will enable the observer to see the larynx. Mucus, when accumulated in 
quantity in the pharynx, may also prove troublesome; it may be removed 
by gargling or coughing. 

Before introducing the laryngeal mirror it should be warmed, face 
downwards, over the globe of the lamp or, when exatuining by sunlight 
or the diffuse light of day, over the flame of a spirit lamp; to make sure 
that it is not too hot, and ' in order to avoid burning the patient, its 
metallic surface should then be applied to the skin of the back of the 
hand. The warming prevents the condensation of the moisture of the 
breath on the face of the mirror, and the consequent obscuration of the 
image it reflects, as well as the irritation which a cold body in the mouth 
would certainly produce. The mirror must be cleaned and warmed anew 
after each application. 

The examiner should take the mirror in his right hand, as one holds 
a pen, grasping it at the point where the stem joins the wooden handle; 
he then passes it into the mouth, with the reflecting surface directed 
downwards and forwards. If he has to use his right hand, either in oper- 
ating in the larynx or in maniptdating a brush dipped in some astringent 
solution, the mirror may be introduced with the left hand. The mirror 
is now carried steadily backward, without touching the back of the tongue 
or the hard palate, and is gently laid with its metallic surface upwards 
against the base of the uvula, the patient being at the same time directed 
to say " eh " or " a " (as in tell or tale) ; the image of the interior of the 
larynx will then be seen in the mirror. TJie whole of the interior of the 
larynx does not become visible at once; to obtain a view of all its parts 
in succession the mirror must be turned a little to the right or left, up- 
wards or downwards, as required. The precise direction in which it must 
be turned when it is desired to examine any particular part of the larvnx, 
will be indicated on a subsequent page; but it is not always possible to 
follow set rules, — the method of procedure must to a great extent be de- 
termined by the special local conditions in each case, the skill of the ob- 
server being shown in the readiness with which he adapts himself to these. 
During all these manipulations, however, the mirror must not be moved 
from its position against the uvula. 

The parts seen reflected in the mirror, in the order in which they ap- 
pear, are: the back of the tongue, with its circumvallate papillas, the an- 
terior surface of the epiglottis with its three glosso-epigiottidean lig- 
aments (1. medium and lig. lateralia), then the arytenoid cartilages, the 
posterior part of the rima glottidis, the vocal cords, and the posterior wall 
of the larynx. If the mirror be slightly lowered and pointed more nearly 
vertically downwards, the anterior wall of the larynx comes into view, the 
anterior part of the vocal cords and their angle of union anteriorly, the 
false vocal cords, the ventricles of the larynx, a small portion of the pos- 
terior surface of the epiglottis, and, if the illumination be good and the 
glottis widely dilated, the trachea, sometimes as far down even as its bi- 
furcation. As soon as the mirror has been placed in position the first 
thing that should be done, particularly if the examination has to be made 
somewhat hurriedly, is to look for the true vocal cords; the other parts 
may then be inspected in succession by slightly turning the mirror as 
before described. 

The parts of the larynx seen to the right and left in the mirror corre- 
spond with the patient's, and not with the examiner's, right and left; 
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thus, those which appear to the observer's left in the mirror represent 
parts situated on the patient's right, and vice versd. It is more difficult 
at first, however, to realize that according as the mirror is held the posi- 
tion of the different parts of the larynx will seem to vary. As it is usu- 
ally placed, pointing obliquely downwards and backwards, the structures 
at the back of the larynx are seen at the bottom of the mirror (the aryte- 
noid cartilages, for instance), and those at the front of the larynx (the 
anterior angle of the glottis, for example), in the upper portion of the 
image. A little practice soon enables one to recognize the various struc- 
tures in the mirror and to refer them to their real position in the body. 



Examination of the different pabts of the Labtnx. 

When the mirror is laid against the base of the uvula the first object 
seen is the epiglottis; on raising the mirror a little and placing it at th3 
junction of the hard and the soit palate, the back of the tongue also be- 
comes visible. The ligaments which pass from the base of the tongue to 
the epiglottis, the median ligament and the two lateral frsenula, next 
. catch the eye, and between these folds the two glosso-epiglottidean si- 
nuses or valleculae. 

The epiglottis is the first structure which comes into view on getting 
the laryngeal mirror into position, only its anterior surface^ however, be- 
ing then seen. On the configuration of the epiglottis depends to a great 
extent the ease or difficulty experienced in examining the larynx. There 
may thus, apart from the great differences it shows with regard to size, 
be considerable irregularity of its anterior surface and in the outline of 
its anterior margin. Very frequently it is found to be inclined too far 
backwards, while occasionally it is markedly contracted in the middle. 
In both cases a large part of the larynx is shut off from inspection, and 
it becomes difficult, sometimes impossible, to obtain even a glimpse of the 
parts in the front of the laryngeal cavity (the anterior portion of the 
vocal cords and their angle of junction). The mirror must in such cases 
be thrust as deeply as possible into the pharynx, being held no longer 
obliquely but pointing almost vertically downwards. 

When the mirror is placed in its ordinary position only the anterior 
surface of the epiglottis is exposed; to bring into view its posterior sur- 
face the mirror must be directed very obliquely downwards and back- 
wards, though even then only a portion of this side can be seen. While 
the mirror is so held also the anterior part of the glottis is generally at 
the same time visible. 

After having sufficiently investigated the parts at the base of the 
tongue and the epiglottis, attention should be directed to those within 
the larynx. On depressing the mirror and turning it somewhat more 
obliquely backwards the arytenoid cartilages next come into view. These 
bodies appear as two cartilaginous prominences, about as large as small 
peas, pale reddish in color, and converging toward each other. In in- 
spiration they fall widely apart, in expiration they approach each other, 
while in pronouncing the vowel-sound " eh "or "a " (as in tell or tale), 
they come into close apposition with each other. On their apices are 
situated the cartilages of Santorini, two cartilaginous nodules which are 
visible only when the illumination is exceptionally good. 

During respiration there remains between the arytenoid cartilages 
a fissure of greater or less size, occupying the long diameter of the larynx* 
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the rinia ^lottidis, through which tho posterior laryngeal wall is diaaov- 
ered. Thu triangular aperture ia dilated in inspiration and contracts in 
expiration. The wider it is the more fully not only the posterior but 
also the anterior wall of the larynx is opened to the view; the patient 
should therefore always be asked to make several deep inspirations, but 
to do BO as quietly as possible. 

The rima glottidis is bounded on each side by the vocal cords, The 
posterior part o[ the vocai cords is usually seen when the arytenoid car- 
tilages appear in the mirror, or in uttering the vowel-sounda described 
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above. To recognize readily the vocal cords and to examine them care- 
fully in their whale length, from their posterior attachment to the ai^te- 
noid cartilages to the point at which they join anteriorly, are the princi- 
pal objects of laryngoscopy. For prolonged and thorough esaminalion 
of the vocal cords, such as that often made simply for practice, quiet 
respiration is most favorable, occasionally interrupted only by the pro- 
duction of the vowel-aound " eh " or "a," 

The vocal cords attract the attention at once, their tendinous lustre 
■_ ^1- 




A HiJTDBOOE 09 PHTSIOAI. DIAOKOSIS. 

I and whitenew being quite distinctive ; in quiet resptr&tion only their in- 
ner margins, which bound the rima glottidia, are observed, but in pbooft- 
tion, in producing the sounds mentioned above, they become visible id 
their whole breadth, as they are thus made to approach each other and 
close the glottis. 

The Tibration of the vocal cords, both o( their whole breadth and o! 
their edges alone, may be studied while the patient sings, the cords vi- 
brating in their entire depth when the lower notes are sounded, and only 
their edges when the higher notes, particularly those which constitute 
the falsetto voice, are sung. In those who have become accustomed to 
examination the increase and decrease of these vibrations may be followed 
closely wiiile the patient sings up and down a scale. 

The appearance of the vocal cords is practically the same throughout 
their wliole eitent ; at one point only do they present a yellowish spot, 
the macula flava, about as large as a pin's head and situated on their inner 
edge, close to the arytenoid cartilages; these spots are small nodules of 
fibro -cartilaginous tissue, seated on the posterior surface of the rords and 
■billing througb them. — ^Whilst the posterior part of the vocal cords is 
always easily enough seen it is generally difficult to get a good view 
of their anterior part, and particularly of their anterior angle of junc- 
tion. If the epiglottis be markedly trough-shaped, or curved so as to 
resemble the Greek letter omega, a very small portion only of the larynx 
is open to inspection, and it is seldom possible to get a sight of the point 
of insertion of the cords. Even these disadvantages may sometimes be 
overcome, however, by securing good illumination and by varying the 
position of the head and of the mirror tu meet the special local conditions 
which complicate each case. No precise set of rules can be formulated 
on this subject, but it will in general be found to be of service to tilt back 
the patients head considerably and to push the mirror more deeply into 
the pharynx, pointing it at the same time more obliquely downwards. 
Throwing the bead back raises the larynx and hyoid bone, the conse- 
quence of whioh is that the anterior angle of the glottis is also elevated and 
the mirror allowed to be still further depressed. If notwithstanding the 
adoption of these expedients the examiner is still unable to see the point 
of insertion of the vocal cords the patient should he asked to make a series 
of deep inspirations and rapid and complete expirations; this will raise 
the epiglottis against the base of the tongue and so expose the parts be- 
low, though each view lasts only for an instant. 

The vocal cords are also sometimes covered bv tough, clear mucus, 
which may prevent any proper survey of these and the neighboring parts 
being made; a few slight coughs will usually expel this mucus. 

Above and to the outside of the vocal cords, and running parallel with 
them, he the false or superior vocal cords, distinguished from the true 
vocal cords by their pale reddish color. Between the superior and inferior 
cords there is situated on each side an elongated fissure of variable breadth, 
the ventricles of the larynx, or ventricles of Morgagni. 

It is usually a matter of considerably greaterdifficulty to bring clearly 
into view the aryteno-epiglottidean folds, two thin folds of mucous mem- 
brane of exactly the same color as the rest of the mucous surface, passing 
from the sides of the epiglottis to the arytenoid cartilages; they are often 
hidden by the overhanging epiglottis. Towards their posterior ends small 
cartilaginous nodules are sometimes found, the cartilages of Wriaberg; 
fpe^ently, however, these bodies are wanting. 

To the outside ot the cartilages of Wriaberg and Saotorini »•» -«" 
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:he pyriform sinuses, formed on each aide by the arching outwards of the 
walls of the pharvDx; in phonation these sinuses are dilated to some ex- 
'ent and are therefore then more readily made out. 

When the illumination is good, and during deep inspiration, the parts 
>elow the glottis may become so distinctly visible that the cartilaginous 
ings o( the trachea may be counted, particularly if the Urynx be eicep- 
ionally wide. The bifurcation of the trachea is about the lowest point 
to which it is possible to sec even under the most favorable local condi- 
ioDs; nevertheless in a few rare cases a view has been obtained of a por- 
ion of the principal bronchi. 

When by repeated eitamination in the healthy subject a clear ooncep- 
:ion has been formed of the shape, mobility, and color of the various parts 
within the larynx, one is in a position to recognize readiiv those deviations 
Trom the normal type which are so often met with in the diseases of the 
part, whether these diseases are uncomplicated and limited to the larynx 
or arise in conuectiou with aSectiona of other organs, especially of the 
organs of respiration. The laryngoscopic appearances presented by the 
most important of these affections will now be considered. 



AcDTB Catabbh op tbb Laktmx. 
(Acate LuTDgitli). 

Catarrh {or inflammation) of the larynx presents the same appearance! 
as catarrh of the other mucous membranes: redness (vascular injection, 
sometimes punctate extravasations of blood), softening, and swelling. The 
submucous tissue is also usually to some extent involved in the inflamma- 
tory process. 

The catarrh may affect, in greater or less intensity, every part of ths 
larynx, or it may be limited to particular parts, such as the epigiotlis, the 
arytenoid cartilages, or'the vocal cords. In the latter case, therefore, wo 
are justified in speaking of an epiglottitis, arytenoid itis, or chorditis. 

Inflammation of the epiglottis la characterized by a deep red coloration, 
more frequently of its posterior than its anterior surface, and sometimes 
also, when the inflammation is intense, by a greater or less degree of swell- 
ing. Inflammations of the posterior wall of the larynx and of the mucous 
membrane which covers the arytenoid cartilages, are exceedingly common. 
The last- mentioned structures swell up very considerably, till they may be as 
large as peas or small beans, and become deep red in color; their mobility 
in inspiration and expiration may also be diminished. — The superior or 
false tocbI cords are also often the seat of inflammatory swelling, when 
they partly hide the true vocal cords; the latter then appear narrower 
than usual, and show only a small portion of their margin during phona- 
tion. The infiamed superior vocal cords also encroach on the ventricles 
of the larynx or may even obliterate them. — But of all the parts within 
the larynx the true vocal cords exhibit the most striking changes when in- 
flamed; normallv white, with a bright tendinous lustre, they become mor« 
or less deeply injected, and vary in color from light rose to dark red, which 
maybe spread uniformly or irregularly over their surface. Both cords ara 
generally aSected at once, inflammation of only one at a time being oora- 
paratively rare. Inflammation of moderate intensity is marked merely by 
vascular injection ; in thi; more severe forms swelling is also observed. The 

ir margins of the cords are then more rounded, less sharply defined than 
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normally^ and their mobility is impaired, from loss of power in the inflamed 
intra-larjngeal muscles. 

Inflammation of the parts within the larynx is occasionally attended 
by desquamation of the superficial layers of the epithelium and the for* 
mation of superficial catarrhal ulcers, particularly on the edge of the epi- 
glottis, on the aryteno-epiglottidean folds, and on the vocal cords. Tne 
inflamed parts are generallly coated with mucous secretions, which are 
often drawn out into fine viscous threads, especially between the vocal 
cords during their respiratory movements. 



Chbonio Catabbh of the Labykx. 

(Ghxonio Lazyngitis). 

This affection may be primary, that is, it may be developed out of an 
acute catarrh, or may be simply chronic in its course from the outset; or 
it may be secondary, appearing as a complication in destructive diseases 
of the larynx; or it may be of the nature of a local manifestation of some 
other disorder, such as syphilis or pulmonary phthisis. It is distin- 
fl^uished laryngoscopically from the acute form of the affection by the 
less bright, dirty grayish-red color of the inflamed parts; as in acute 
catarrh, however, the intensity of this coloration varies from light to dark 
red. Like acute laryngitis, also, chronic laryngitis sometimes involves 
uniformly the whole of the laryngeal mucous membrane, while at other 
times it is confined to certain parts, such as the epiglottis, the arytenoid 
cartilages, the superior and inferior vocal cords, or occasionally even to 
one of the true vocal cords. As marked differences are observed in the 
degree and distribution of the swelling as in the intensity of the inflam- 
matory redness. — Round, superficial ulcers are more common in chronio 
than in acute catarrh. 



Croup op the Larynx. 

Laryngoscopic examination is seldom called for in laryngeal croup, 
the symptoms of the affection being so characteristic and such as to de- 
fine it so clearly from other diseases of the larynx. Apart from the pain- 
fulness of the proceeding, it is scarcely likely that any attempt to explore 
the larynx in this way would be successful, as croup usually occurs in 
children of 2 — 7 years of age. In such cases as have been examined the 
false membranes were seen, accompanied by thickening and diminished 
mobility of the vocal cords and consequent stenosis of the larynx. 



DiPHTHERITIS OP THE LaRYNX. 

Diphtheritis is rarely developed exclusively in the larynx; it gene- 
rally begins in the pharynx and on the tonsils, and from these parts 
spreads downwards. 

Very young children, who are most frequently attacked by laryngeal 
diphtheritis, can very seldom be subjected to laryngoscopic examination; 
the affection, however, can usually be diagnosed without it, as we know 
from experience that symptoms of stenosis of the glottis (crowing and 
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_ felon ged inspiratioD), and hoarseness or aphonia, when they present 
themselves alung with diphtheritis of the pharynx, are always due to an 
extension of the disease to the larynx. Even when the pharj'ngesl diph- 
theritis is wanting' the above-mentioned indications, when obserTed in 
young children in districts in which ciiphtheritis is prevalent in an epi- 
demic form, generally warrant one in assuming confidently the diphtheri- 
tic nature of the laryngeal affection, 

»Phthibi8 of thk Labtsi. 
pulmonary phthisis is very often accompanied by more or less exten- 
«vo laryngeal disease, which may take any of the many forms to which 
the larj-nx is subject, from simple catarrh to ulceration and destruction 
of tissue. 

Phthisical laryngeal catarrh is in no respect different in appearance 
from ordinary primary catarrh. — Inflammation of the submucous tissue 
adds considerably to the gravity of the disease; when this takes place 
the mucous membrane becomes not only hypera^mic but thickened, thrown 
into folds, covered with irregular rounded prominences {like those so often 
seen in the pharynx), and occasionally markedly cedematous. — As the 
phthisical disease advances the surface of the larynx is very frequently 
broken by ulceration. Ulcers of this kind may be solitary or multiple; 
wjien crowded close together they may coalesce and form one large ulcer. 
While they may occur in any part of the larynx they are more often met 
with on its posterior wall and on the epiglottis, — most often of all, how- 
ever, on the vocal cords, usually both. The ulcerative process may at- 
tack only the superficial tissues orextend also to the deeper layers. The 
cords, when ulcerated, are generally reddened and swollen, and seldom of 
their natural color and structure. If the loss of tissue be considerable 
and the ulcers be situated on the inner border of the vocal cords, the lat- 
ter have a notched appearance, and when, during phonatinn, they are 
drawn together, slight irregularities are observed in the outline of the 
rima glottidis. In extreme cases one or other of the vocal cords may be 
almost totally destroyed, Laryngoscopically the loss of substance occa- 
sionally seems greater than it really is: thus, all that is sometimes seen 
of the vocal cords is a narrow ulcerated border; but this diminution in 
size is to a great extent merely apparent and caused by the undue prom- 
inence of ibe swollen superior vocal cords, which then conceal the true 
cords situated beneath them. If both vocal cords be deeply hollowed out 
by ulceration, closure of the glottis may be very incomplete during pho- 
□ation; a gap of greater or less size will remain between the cords. — 
Phthisical ulcers of the vocal cords have exactly tlie same shape as ulcers 
due to any other cause. They are irregular and indented at the edges; 
if very superficial and perhaps also covered by clear tough mucus they 
are very difficult of detection with the laryngoscope, but when the mucus 
is removed, as by coughing, their dull grayish-white color enables the ob- 
server to recognize them at once. Ulcers of greater depth or which 
cover a larger surface, are seen very readily and are very often coated 
with purulent secretion. 

The above-described forms of phthisical disease of the larynx are in 
general scarcely distinguishable, by their laryngoscopio characters, from 
the same forma of primary laryngeal disease. Very frequently the 
phthisical nature of the laryngeal aQection is doubtful till the diagnosis 
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is confirmed by the discovery, on exacnining the cheat, of phthiBis of one 
or both lungs. But the larynx may be the seat of true phthisical disease 
at the period when the physical signs of such an affection are still waul- 
ing in the lungs. In these circumstances the following points may be 
held to indicate, with considerable constancy, the phthisical or oon-phthis- 
ical origin of the laryngeal disease; simple catarrh of the larynx disap- 
pears spontaneously, as we learn from daily experience, la a very sijort 
time, on the adoption merely of a few simple precautions; phthisical 
catarrh, on the other band, is very rebellious to treatment and shows a 
great tendency to relapse. Phthisical ulceration in particular obstinately 
resists all therapeutical measures and tends rather to spread and to 
deepen, while catarrhal, non -phthisical ulcers usually heal rery rapidly. 

The order in which the various afTeotiona of the larynx appear in 
phthisis bears no fixed relation to the progress of the disease in the lungs; 
in many cases they are absolutely wanting throughout the whole course 
of the pulmonary phthisical disorder. On the one hand, a rery ad- 
vanced lung affection may be associated with simple catarrh or slight tiI- 
ceration of the larynx; or on the other, the ulcerative process may rapidly 
extend, there may be considerable loss of substance of the rooal cords, 
denudation of the arytenoid cartilages, &c., while the pulmonary d! 
is still in a comparatively early stage. 



Stpbilib of thb Labtkx. 






As in phthisis, so in syphilis, every variety of laryngeal affection 
observed. 

Syphilitic catarrh of the larynx and syphilitic inflammation of tlio 

submucous tissue, occur generally in the same parts and present precisely 
the same appearances as the simple, primary or phthisical inflammations. 
Ko specific character therefore can be assigned to these affections till 
Other signs of syphilis are discovered (in the fauces, skin, &c.). 

Syphilitic laryngeal disorders, when they have lasted some time, are 
invariably complicated by the formation of ulcers. These lesions are 
found most commonly on the vocal cords, next most frequently on the 
epiglottis, especially on its free borders, and more rarely on the posterior 
wall of the larynx. They are distinguished from catarrhal ulcers, which 
are generally formed very rapidly, by their slow rat© of development; 
laryngoscopically, however, they often offer no sign which indicates posi- 
tively their syphilitic nature. In some cases, nevertheleso, aypbilitic 
ulcers differ from those of catarrhal or phthisical origin in being more 
nearly circular in form, in the fatty or lardaceous appearance of their 
floor, and in having projecting and sharply-defined edges. 

The healing of the ulcers under antisyphilitic treatment is naturally 
the surest proof of their syphilitic character. They heal by cicatrixation; 
where therefore such cicatrices are observed at various points within the 
larynx it may be assumed with almost perfect certainty that the ulf^rrs 
which preceded them were syphilitic, as phthisical ulcers, which are prac- 
tically the only lesions from which they need to be differentiated, as a 
general rule show no incHnation to heal. Cicatrices of any great maj^ni- 
tude in the neighborhood of the glottis give rise to deformities and im- 
pairment of the mobility of the vocal cords, and to a form of stenosis o( 
the rima glottidis, which in certain cases (I have seen one such) may be- 
come so extreme as to demand the performance of tracheotomy. If hnm 
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negleot, or because their svphilitio nature was not recognized, the ulcers 
do not heal, they may in their further progress produce the most wide- 
spread destruction of the various parts of the larynx, denudation and 
erosion of the cartilages (the epiglottis, in particular, being sometimes 
reduced to an irregular, shapeless mass), and destruction of the vocal 
cords so extensive that only a few almost unrecognizable remnants of 
them may be left. 

It has been placed beyond doubt, by some careful observations, that 
■yphilitic giimmata are occasionally, though rarely, developed in the 
larynx. They may occur in any part of the Larynx, especially in those 
parts situated above the glottis, in the form of circumscribed tumors, 
sometimeB solitary, at other timca present in numbers, and varying in 
magnitude from the size of a pin's bead to that of a pea ; or the gumma- 
tous matters may be diffused in the tissues, and so give rise to irregular 
nodulation or wrinkling of the surface. When solitary they are rounded 
in shape, and in aspect are sometimes yellowish, or of exactly the same 
color as the rest of the mucous membrane. The difference in color de- 
pends on the stage which the gumma has reached: in the first stage, that 
of intiltration (inflammatory swelling), the part is red ; in the second 
stage, that of softening, the yellow color begins to show itself. If the 
morhid material be absorbed a depression or a cicatrix is formed, or if it 
break up and become disorganized ulceration takes place {Scheele, &o.). 
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^v PEBIOnONDBITIB OF TSE LaBTNX. 

^v Perichondritis, with the subsequent accumulation of purulent exuda- 
'tion beneath the perichondrium, the eventual escape of the pus and de- 
nudation and necrosis of the cartilage, may attack any of the cartilagi- 
nous structures which form part of the larynx. Perichondritis of the 
larynx ia generally a secondary, rarely a primary affection, and very often 
follows phthisical and syphilitic laryngitis, the ulcerative process so be- 
gun extending to the deeper tissues ; not unfrequently it appears in the 
course of severe acute diseases, particularly typhus, sometimes also in 
diphtheritis of the larynx and small-pox- 

Until the pus collected between the cartilage and perichondrium has 
forced its way through the latter structure the signs discoverable by the 
laryngoscope do not enable one to make the diagnosis with any degree 
of confidence. At those parts at which the abscess is forming there is 
observed a firm, dark red prominence, surrounded by inflammatory swell- 
ing and projecting into the cavity of the larynx, often producing in this 
way a considerable degree of laryngeal stenosis; but it must be remem- 
bered that a moderately acute inflammation of the submucous tissue, par- 
ticularly if developed with great rapidity, may present precisely the same 
laryngoBcopic appearances. 

Perichondritis often attacks the posterior portion of the cricoid carti- 
lage, from which it rapidly extends to the other cartilages, especially ia 
typhoid fever; if suppuration supervene and an abscess be rapidly devel- 
oped, laryngeal stenosis and the phenomena of threatening suffocation 
are produced. The occurrence of perichondritis crjcoidea in typhoid 
fever ia usually readily diagnosed on taking into consideration the whole 
course of the disease in the case in hand ; laryngoscopically, also, it ia 
generally easily recognized by the firm prominent tumor which projects 
Aownwards from the posterior wall of the larynx. 
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Perichondritis of the thyroid cartilage Beldom occurs primarily Q 
cept after injuries), but aa a rule secondarily, in connection with the taoi' 
bid conditions mentioned above. On the whole it Jg rarer than perichon- 
dritis of the cricoid cartilage. It may ba unilateral or bilateral, stricily 
circumscribed or spread over a comparatively large area. If the intlatn- 
mation have its seat on the outer surface of the cartilage the diagnosis a 
easy; most commonly however it takes place on the inner surface, being 
often limited exactly to the thyroid notch, when phthisical ulceration at 
the anterior angle of junction of the vocal cords extends to this part. 
Perichondritis conlined to the thyroid notch is not recognizable by laryn- 
goscopy. As it is also usually preceded or accompanied by other dis- 
eases of the larynx (inflammatory? swellings, ulceration) the laryngoscopic 
appearances vary with the Intensity and distribution of these mori>id pro- 
cesses. 

Perichondritis of the arytenoid cartilages, usually of both, is the most 
common form of the disease, and is often observed alone, un&ssocialed 
with any affection of the other cartilages. In most cases it is of syphi- 
litic orphthisical origin; in phthisis, particularly, when the laryngeal dis- 
order has lasted some time, the ulceration frequently extends to the aryte- 
noid cartilages and partially or totally destroys them. — In perich on drills 
of one of the cartilages, before the pus formed has escaped and whilst 
nothing is yet to be seen but swelling of the cartilage, the appcarauce of 
the pnrts is in all respects the same as that presented in cases of swelling 
of their submucous tissue, such as is so often met with in simple laryngi- 
tis. In the affection under consideration, however, the mobility of the 
cartilages and of the vocal cords of the same side is somewhat diminished, 
which is the more striking as the cartilage of the opposite side is healthy 
and freely movable, whilst in simple swelling of the mucous covering of 
the arytenoid cartilage the movements of the part are but very slightly re- 
stricted. — When the ptis escapes the cartilage lies exposed; if the denu- 
dation be merely partial and circumscribed it may be completely concealed 
from view by the swelling of the surrounding soft parts; but if no such 
swelling is present, and the cartilage be separated from its connections by 
the destructive process, there is produced a deep depression which occu- 
pies the place of the destroyed cartilage, a change which is panicularly 
noticeable when the corresponding vocal cord is intact. 

The various forms of ulceration or necrosis of the cartilages of the 
larynx, — simple, syphilitic or phthisical, — are indistinguishable from each 
other by their laryngoacopic characters alone; the differential diagnosis 
rests solely on the ascertained nature of the coexisting general affection. 

CEdeua of the Laeyns, 

QSdema of the larynx may be either partial and circumscribed opj 
involve many of the laryngeal structures. It is roost marked at t K 
parts at which the submucous tissue is most lax and most capable there- 
lore of accommodating a large amount of dropsical effusion: these parts 
aje the aryteno-epiglottidean ligaments, the arytenoid cartilages, the pos- 
terior surface of the larynx, and the epiglottis. The <edeniatous swell- 
ings present a light yellow or pale reddish coloration, which is strikindv 
dilTerent from the deep redness of the tumefaction due to simple inflatn- 
mat ion. 

The severer forms of cedema give rise to such intense d\-spncBa that ci 
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f ol laiyngoscopio examination becomes impossible, and the swelling of the 
epiglottis also, which is seldom wanting in these cases, is usually so great 
that the intralaryngeal structures are completely hidden from sight. If 
the epiglottis be highly oedematous its swollen condition may usually be 
observed without the aid of the laryngeal mirror, by simply depressing 
the tongue, as in such circumstances it rises towards the base of the 
tongue; the tumefaction is also always easily detected by introducing 
the finger and passing it over the parts. A high degree of oedema of 
the intralaryngeal structures, particularly of the superior or inferior vocal 
cords, or of the aryteno-epiglottidean ligaments, always produces consid- 
erable stenosis of the rima glottidis. Less marked oedema, which for ob- 
vious reasons is more frequently met with, lessens the mobility of the 
arytenoid cartilages and vocal cords, particularly when the effusion is 
accumulated chiefly in the submucous tissue of these and the neighboring 
parts. This slight partial oedematous infiltration is very often seen ac- 
companying inflammatory ulceration. 

^dema of the larynx is invariably secondary: it appears as a compli- 
cation of the most diverse forms of disease of the larynx (particularly 
perichondritis) and sometimes also of the pharynx. Sometimes, though 
on the whole rarely, it is connected with general nephritic and scarlatinal 
dropsy. — As dropsical effusions within the larynx, when they attain a 
certain intensity, always extend ultimately to the glottis, they are gener- 
ally designated by the collective term oedema of the glottis. 



MoBBiD Growths ik the Labynz. 

These are most commonly (in at least 75 per cent, of the cases) seated 
on the vocal cords, and are comparatively seldom seen at other parts of 
the larynx. 

They may be arranged in two groups, according to their histological 
structure: the first includes those composed of elements which occur 
normally in the larynx, benign growths; the second those consisting of 
Jieterogeneous tissue elements, malignant growths. 

To the^r*^ group belong the papillomata, fibromata, myomata, and 
cystic tumors of the larynx; to the second the different varieties of car- 
cinoma. 

The most common of the new formations developed within the larynx 
are the fibroid and papillary growths. 

Fibroid laryngeal growths are of moderately firm consistence and, 
though occasionally sessile, are generally connected with the part from 
which they spring by a distinct pedicle. They are rounded or oval in 
shape, vary in bulk from the size of a pea to that of a hazel-nut, have 
usually a smooth, but sometimes a granulated or even lobulated surface, 
and are whitish, pale yellowish-red, or vivid red in color. The differences 
in color depend on the greater or less vascularity of the tumor. Fibrous 
growths ordinarily spring from the upper surface of the vocal cords and 
from their inner borders, and in the latter case may be found attached to 
any part of the margin; not unfrequently they are seated at the anterior 
insertion of the cords, and when of small size the observer has consider- 
able difficulty in seeing them in this situation. They are seldom met 
with at other parts of the larynx. Fibrous tumors of the larynx are de- 
veloped from the submucous connective tissue. 

The papillomatous growths are formed by hyperplastic development of 
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certain portions of tho mucoua membrane with Bimultaneous h 

of their epithelial covering. They aaaume the most diverse f 

mny be elongated or rounded, pedunculated or flat and Bessile, of a warty oi 

grape-like appearance, or may occasionally resemble closely a strawberry 

or raspberry. Their color is a dull white, or whitish-yellow when thty 

onntaiti a large proportion of fatty tissue, or pate reddish when they are 

more richly supplied with blood-vessels. 

The surrounding parts may be healthy, or may present tbe signs nE 
active inflammation. Papillary tumors most commonly grow from tlie 
upper surface and inner borders of the vocal cords; they may be situat«<l, 
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however, on the under surface, when it is somewhat difficult to form an 
estimate of their actujd size, even when they project beyond the man;iii 
of the cords. They are seldom obsen-ed on the superior vocal cords, liie 
ventricles of the larynx, or other parts. In phthisical larj-ngitis a num- 
ber of small grayish-white excrescences of papillary aspect are sometimes 
seen on the posterior wall of the larynx between the arytenoid cartilages, 
scattered over the swollen, inflamed, and possibly also ulcerated muc(iu« 
membrane, but these are not regarded as new formations in the strict 
sense of the term. 

Cystic tumors of the larynx are rare; they are of small size, and occur 
most usually on the superior vocal cords and the ventricles of the larynx, 
occasionally also on the inferior vocal cords and the epiglottis, — Lipom* 
and myoma have been observed in the larynx in only a few exoeptioDil 
o&ses. 




CABClNOMATOtrS GROWTHS IN THE LaBTKX. 

Cancerous growths are very rarely developed primarily in the Itf 
or unassociated with malignant disease elsewhere; they generally exte 
to the larynx from neighboring parts, the pharyns, oesophagus, &o. M 
the tissues so invaded are generally so altered in aspect as to be unrecog- 
nisable, and as the cancerous growth is usually of some considerabls^' 
id its rate of increase more rapid than that of any other new fom 
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the laiyngosoopio appearances of the parts attacked scarcely admit of de- 
scription. Growths of this kind have a very roueh, cauliflower-like sur- 
face, which feature alone, especially if the growth be extensiye, is suffi- 
cient to indicate clearly their carcinomatous nature; the diagnosis be- 
comes more certain when similar new formations are discovered in the 
adjoining parts, such as the root of the tongue, or when the lymphatic 
glands are found to be affected by cancerous degeneration and the other 
signs of malignant disease are observed in the patient. When such tu- 
mors are large they naturally cause a certain aegree of stenosis of the 
larynx. 

The forms of malignant growth described as occurring in the larynx 
are epithelial and medullary cancer. The first is the more common varie- 
ty, and that also which appears primarily and sometimes remains localized 
for some considerable time in this situation.* When epithelial or medul- 
lary cancer has spread from the pharynx to the larynx the epiglottis is 
generally the first part attacked by the disease. 

Foreign bodies in the larynx, when not, as usual, expelled by cough- 
ing, excite most intense dyspnoea and a distressing feeling of suffocation. 
They may be caught and retained in the folds of the mucous membrane 
or may be impacted at any part within the larynx, such as the ventricles 
of Morgag^i. The largest objects that have been removed from the 
larynx are sets of artificial teeth; several instances of this kind are on 
record. 

Spasm Amy Paralysis of the Vocal Cords. 

Temporary closure of the glottis takes place from spasm of those in- 
trinsic laryngeal muscles which approximate the vocal cords (spasmus 
glottidis); it occurs most frequently in children, and next most frequently 
in the hysterical attacks of adults. The closure may be complete or iu- 
oomplete. 

Paralysls op the Vocal Cobds. 

Paralysis of the vocal cords is due to a great variety of causes. Two 
forms of the affections are recognized, central and peripheral paralysis: 
the first of these is very rare, being observed in connection with cerebral 
apoplexy f at the part at which the vagus nerve has its origin, while the 
second is exceedingly common. 

Peripheral paralysis of the vocal cords may be nefiropathic (that is, 
caused by interference with the motor nerves of the larynx such as to de- 
prive them of their conducting power), or myopathic. 

The neuropathic paralyses are generally of mechanical origin, being 
commonly produced by pressure on the inferior laryngeal nerve or the 
vagus by large tumors of the thyroid gland or of the cervical or bronchial 

* I have observed one case of epithelial cancer of the epiglottis, in which the free 
border of the latter was transformed into an irregular, nhapeless mass, which wan of 
•affldent size to produce considerable stenosis of the larynx ; in the interior of the 
larynx nothing abnormal could be seen. 

f I have had under observation a case of apoplexy in which complete paralysis, of 
central origin, of the left vocal cord, together with paralysis of the right hypoglossal 
nerve and slight facial paresis, were suddenly developed, without any other sign of 
distazbanoe oi motor power. 
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f glands, by tumors of the mediastinum and aneurisms of the aorta; in the 
ftst-raentioned case the paralysis always atTectstlie leftrecurrent laryogeal 
nerve. — Neuropathic paralyses of the vocal cords occur also in certain in- 
fectious and Eymotic diseaaes (diphtheritis, typhus, &c.) and in hysteria. 

In the great majority of instances, however, paralysis of the voca! cords 
19 myopathic. Two varieties have been distinguislied from each other: 
1. paralysis of the vocal cords in the proper sense of the term, that is, the 
form in which the immobility of the cords depends solely on paralysis of 
the muscles, the laryngeal structures being in other respects normal; 3. 
paralysis due simply to mechanical conditions, in which the loss of motility 
IS caused by other laryngeal diseases, such as a high degree of swelling 
of the vocal cords and the parts in immediate relation with them, cicatri- 
zation after ulceration, &c. Cases of the latter kinds are characterized, 
not by complete paralysis, but rather by greater or !esa impairment of the 
mobility of one or both cords; they have already been under considemtioQ 
on a preceding page. 

The paralysis may involve one cord or both; it is sometimes incom- 
plete (paresis), at other times complete (paralysis). 

In order to the better understanding of the laryngoscopie appearaaces 
in the various forms of paralysis of the vocal cords the actions of the dif- 
ferent intrinsic muscles of the larynx may here be shortly stated. 

There are three groups of muscles which move the vocal cords: 

1. The muscles which separate the arytenoid cartilages (and with tbem 
the vocal cords) from each other, and which in this way dilate the glottis, as 
in inspiration; the posterior crico-arytenoid muscles have this action. 

2. The muscles which approximate the arytenoid cartilages (and with 
them the vocal cords) to each other, and so contract the glottis. The prin- 
cipal muscle of this group is the transverse arytenoid muscle, whose action 
is aided by that of the oblique arytenoid muscles. The glottis is aiso con- 
tracted by the lateral crico-arytenoid muscles. 

3. Muscles which stretch and render tense the vocal cords, and so tend 
also to bring them closer to each other. To this group belong tbe on 
thyroid and thy ro- arytenoid muscles. 



Unilatekal Paralysis op tub Vocal Coeds. 
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The left vocal cord is much more frequently paralyzed than the right. 
If the loss of power be complete, all the muscles which act on the cord, 
the dilators, constrictors, and tensors of the glottis, being paralyzcii to- 
gether, the affected cord and its corresponding arytenoid cartilage remain 
perfectly immovable during respiration and phonation ; the unaJTected cord, 
on the contrary, particularly when the higher notes are sounded, moves 
unusually actively, and crosses over the middle line even as far as the para- 
lyzed cord, and in this way usually completely closes the glottis. The 
movements of the sound cord may indeed be so energetic that the corre- 
sponding arytenoid cartilage not merely touches that of the opposite aide 
but passes over it some little distance. In all cases in which the unaffected 
cord comes into contact with its fellow the rima glotlidis is directed ob- 
liquely towards the paralyzed side. On sounding a deep note, which does 
not require for its production such a degree of tension of the healthy vocal 
cord, the latter does not cross the median line so far as to reach the para- 
lyzed cord; the closure is therefore then imperfect, a small gap being left 
between the vocal cords. — When the paralysis has lasted some timeil 
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cord loses its shinine tendinous appearance, becomes dull and lustreless 
and somewhat wriakied on the surface, and the arytenoid c&rtilage to 
wbich it is attached grows paler in color and atrophies slightly. 

The above -J escribed more or less complete paralysis of all the muscles 
of one of the vocal cords is the most common form o£ unilateral paralysis 
and is very easily recognizable. — Paralysis restricted to certain muscles is 
more seldom met with. If it be confined to the dilatorsof the glottis the 
vooal cord of the affected side remains fixed in inspiration; phonation, on 
the other hand, is not interfered with, as the muscles which contract the 
glottis and stretch the cords are intact; closure of the glottis is thus nor- 
mal and complete and both ciirda vibrate freely. When the paralysis is 
limited to the tensors of one of the vocal cords the movements of the cord 
in respiration and phonation are natural and normal, that is, the closure of 
the glottis is perfect; the affected cord, however, does not vibrate in pho- 
nation, it tends to curve outwards and shows on its border a boat-shaped 
depression, from deficiency of tension longitudinally (Navratil). If the 
paresis of the tensors of the vocal cords be bilateral the glottis becomes 
elliptical in phonation. Unilateral paralysis of the tensors of the glottis, 
when it appears as part of a complete paralysis of one of the vocal cords, 
may also be recognized by the adsenix or comparative feebleness of the 
sensation of vibration which should be felt on placing the finger on the 
outside of the thyroid cartilage, on the side corresponding to tlie affected 
cord (Gerhardt). 

Paralysis of the epiglottis is au exceedingly rare affection (Leube, 
Gerhardt) ; if it bo unilateral, produced by paralysis of either of the su- 
perior laryngeal nerves, the epiglottis is stated to be turned obliquely 
towards the sound side, while the upper part of the interior of the larynx, 

one side, is devoid of s< 
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Bilateral paralysis of the muscles whioh act on the vocal cords, unlike 
unilateral paralysis, is usually complete. There are two forma of the 
affection : 

1. Bilateral paralysis of the constrictors and tensors of the glottis ; 
and 2. Bilateral paralysis of the dilators of the glottis. 

If the whole group of constrictor muscles on both sides be paralyzed 
the vocal cords are almost motionless during inspiration and expiration, 
and in phonation move only very slightly towards the median line ; even 
in forced phonation they never oome perfectly into contact with each 
other, or if they do for an instant touch they at once fall asunder a^ain. 
The vibration of the cords is also very imperfect, as the muscles which 
draw them together, the constrictors of the glottis, are also to some ex- 
tent tensors of the vocal cords. If the paralysis of the constrictors be in- 
complete the movements of the vocal cords in respiration and phonation 
are not entirely abolished, though they are much less extensive than nor- 
mally; a great many intermediate stages between absolute immobility 
and normal freedom of movement are observed. — Bilateral paralysis of 
the constrictors of the glottis may also be partial in this respect, that the 
loss of power may be limited chiefly to the lateral crico-arytenoid and the 
thy ro- arytenoid muscles, or to the transverse arytenoid muscle. The fol- 
lowing varieties of this partial paresis are met with : 

O. The anterior angle of junction of the vocal cords is closed and the 
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arytenoid oartila^s touch each other iii phonation, while the other parti 
of the cords make no movement towards each other, the middle portion 
of the rima g^lottidis, the pare ligamciitosa, remaining open; this condi- 
tion indicates paralysis confined chiefly to the lateral crico- arytenoid and 
the thy ro -arytenoid muscles. 

b. The ligamentous portion of the vocal cords closes normally, but the 
cartilaginous portion continues open, the arytenoid cartilages remaiuitig 
liKed ; here the paralysis affects principally the transverse arytenoid 
muscle, 

c. The vocal cords come together only In their anterior part, the rest 
of the ligamentous and the whole uf the cartilaginous portion remaining 

Bilateral parulysis of the dilators of the glottis is much less commoQ 
than that of the constrictors. It presents the following laryngoscopie 
appearances: the vocal cords, even in cjuiet respiration, are abnuruisJIy 
close together, the rinia gluttidis bein^^ reduced to a mere chink between 
them. In inspiration the cords are not drawn apart; they are, on the 
contrary, approximated to eaoh other by the diminished pressure of the 
air, the glottis is almost completely closed, extreme dyspncca is estab- 
lished, and inspiration acquires a whistling, sonorous character which is 
quite distinctive of stenosis of the glottis. In expiration the cords are 
an;ain separated slightly, but only so far as to leave the above -described 
narrow chink through which the air may pass. In phonation the vibra- 
tion of the vocal cords, and the movements of these structures and of the 
arytenoid cartilages towards each other, are normal, the constrictors of 
the glottis and the tensors of the vocal cords being intact. 

Apart, perhaps, from the appearances observed in complete unilateral 
paralysis of the vocal cords, there is no more striking group of signs 
connected with motor disorder of the parts within the larynx than that 
just described, associated with bilateral paralysis of the posterior crico- 
arytenoid muscles. Although the number of cases of this form of paralv- 
sis recorded in medical literature is up to the present time rather small, 
il seems not to be so rare an affection as might on that account be sup- 
posed; I have seen two such cases, both parents being hysterical. 

In most cases of paralysis of the vocal cords there is more or less 
change in the voice, hoarseness of all degrees of severity up to complete 
aphonia, or simply difRculCy in the formation of sounds, observable some- 
times only in the upper notes, sometimes onlv in the lower. The loss of 
voice is complete when the vocal cords and the arytenoid cartilages are 
not properly approximated, a space of variable breadth being left be- 
tween them even during the most strenuous efTorts to produce a sound; 
the voice fails also, even though the closure of the glottis be complete, it 
the cords have lost their power to vibrate, from paralysis of ilie tensors 
of the glottis. If the glottis close perfectly, however, and if the paraly- 
zed cord vibrate normally, the strength and purity of the voice may be 
preserved unaltered. But if the cords do not come fully and accurately 
into apposition, if, for instanoe, the glottis be completely closed in its 
ligamentous but not in its cartilaginous portion, the voice becomes 
hoarser. — With regard to the difficulty in the formation of sounds, or al- 
teration or failure of the sound when the voice is of a certain pitch, llie 
most diverse modifications are observed; the only general statement that 
can bo made on the subject is that the number of sounds that can be ut- 
tered by the patient and their purity depend — provided always that not- 
withstanding the unilateral paralysis of the vocal cords e~ 
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of the glottis takes place — on the amount of vibration of which the af- 
fected cord is capable. Thus, the voice very readily breaks into falsetto 
when only the inner margin of the paralyzed cord enters into vibration; 
ity on the other hand, becomes deeper in pitch when the cords are short- 
ened and relaxed, from paresis of the thyro-arytenoid muscles, a form of 
the affection which is not uncommon. When energetic attempts at 
phonation are made sounds may naturally still be produced which are not 
heard as the result of feebler efforts, as in the former case more accurate 
closure of the glottis takes place and the vocal cords are thrown into more 
active vibration. Diphthonia is sometimes observed when the tension of 
the vocal cords is unequal on the two sides. 

In all other affections of the larynx, from simple catarrh to the de- 
structive ulcerative processes, temporary or permanent impairment of the 
voice, varying in intensity from time to time, amounting in some cases 
merely to slight hoarseness, in others to complete aphonia, is a symptom 
almost as constant as cough in the various diseases of the respiratory ap- 
paratus. But just as the cough cannot be said to be characteristic of the 
special nature of the pulmonary disorder, so the alteration in the voice 
indicates only approximately the nature, seat, severity, and extent of 
the laryngeal affection. 
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Abdomen, auscultation of, 280; depres- 
sion of, 243; enlargement of, 240; in- 
spection of, 240; palpation of, 244; 
percufision of, 244 

Abdominal diseases, cyanosis in, 12 

Abdominal friction, 254 

Abnormal substances in the urine, 293 

Absolute cardiac dulness, 193 

Acceleration of respiration, 33; in bron- 
chial asthma, 3U ; in cardiao diseases, 
3o ; in fever, 34 ; in painful affections, 
33 ; in pulmonary diseases, 34 

Accessory muscles of respiration, 37 

Accidental cardiac murmurs, 217 

Activity of the pulse, 18(5 

Acute yellow atrophy of liver, percussion 
dulness in, 2()5 

-Sjophony, 133 

Albumen in sputum, 141 ; in urine, 293 

Alkaline fermentation of the urine, 291 

Ammoniaco-magnesian phosphate in the 
urine. 303 

Amorphous elements of sputum, 141 

Amount of rales, 112 

Amphoric murmurs, in perforation of the 
bowel, 282 

Amphoric resonance, 79 ; in pneumo- 
thorax, 80; over pulmonary cavities, 
80 

Amphoric respiratory murmur, 106; in 
pneumothorax, 107; over pulmonary 
cavities, lOG 

Anffimic cardiac murmurs, 217 

Aneurism, aortic, physical signs of, 224; 
pulsation in. 167 

Aortic area, 199 

Aortic murmurs, 220, 222 

Aortic sounds, 228 

Apex-beat of heart, 156; displacement of, 
159; in cardiac hypertrophy, 161; en- 
feeble men t of, 162; increase in force 
of. 103 

Argyria, 15 

Arterial murmurs. 230 

Arterial sounds, 227; from compression, 
229 

22 



Arteries, auscultation of, 227; inspection 
of, 169 

Arytenoid cartilages, examination of, 820 

Ascarides lumbricoides in vomited mat- 
ters, 305 

Ascites, conditions in which developed, 
275 ; diagnosis of, from ovarian tumor, 
256, 279 ; dislocation of liver in, 262 ; 
inspection in, 242; palpation in, 252; 
percussion in, 273 

Asthma, bronchial, acceleration of respi- 
ration in, 36; Leydon^s theory regard- 
ing causation of, 139 

Auscultation, 91 ; of abdominal organs, 
280; of arteries and veins, 227; of 
cough, 124; of gastro- intestinal canal, 
281; of gravid uterus, 283; of heart, 
198 ; history of, 91 ; immediate, 92 ; 
of lungs, 91 ; mediate, 92 ; methods of, 
92 ; of GBSophagus, 280 ; of voice, 128 



B 

Biliary pigpnent in sputum, 147 

Bilirubin in the urine, 286 

Bismuth test for sugar in the urine, 296 

Black pigmented sputa, 148 

Bladder, palpation of, 256 ; percussion of, 
278 

Blanching of the surface, 9 

Blood, the, in leukaemia, 250 ; in the mo- 
tions, 310; in sputa, 144; in urine, 
287 ; in vomited matters, 805 

Blue sputa, 149 

Borborygpni, 232 

Bronchial diseases, percussion-sound of 
chest in, 66 

Bronchial fremitus, 52 

Bronchial respiratory murmur, 100; in 
condensation of lung, 102 ; normal lim- 
its of, 100; physical cause of, 103; in 
pulmonary cavities, 101 

Bronchiectasis, sputum in, 154 

Bronchitis, indeterminate respiratory mur- 
mur in, 1U9 ; putrid, sputum in, 153 

Bronchophony, 128: physical cause of, 
180 ; in pleurisy, 180 
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Bronzing of the skin, 14 
Bruit de diable, 233 
Bruit de pot fcU, 78 



Calculi, intestinal, 811 

Cancer of the larynx, 880 

Carbon in sputum, 148 

Cardiac diseases, acceleration of respira- 
tion in, 35; cyanosis in. 12 

Cardiac dnlness, absolute, 193 ; in hydro- 
pericardium, 197; in hypertrophy of 
heart, 196; in pericarditin, 197; rela- 
tive, 195 

Cardiac murmurs, 212; aniemic, 217; 
combinations of, 221 ; duration of, 215 ; 
inorganic, 217; intensity of, 214; or- 
ganic changes which cause, 216; prop- 
agation of, 218; rhythm of, 214; 
sounds heard with, 215 

Cardiac sounds, 1 98 ; intensification of, in 
hyi">crtrophy of heart, 207 

Cardio- pulmonary murmurs, 237 

Carotid murmurs. 230 

Carotid sounds. 227 

Catarrhal pneumonia, sputum in, 151 

Catechin in the urine, 290 

Caustic potash test for sugar, 293 

Cavernous fremitus, 53 

Cavernous phenomena. See ^* Pulmonary 
Cavities." 

Celerity of the pulse, 180 

Cerebral disease, prolongation of respira- 
tion in. 40 

Chest, contraction of. 24 ; dilatation of, 
2'] \ fliiotuati n in, 53; localized de- 
j)rc.«sions of, 25 ; mensuration of, 20 ; 
palpation of, Ab ; percussion of, 55 ; 
l»ercu8Hi on -sound of, normal, 50 

Chronic diseases, temperature in, 

Cheyne- Stokes respiration, 41 

Chloride of sodium in urine, 292 & 293 

Chvluria, 295 

Cirrhosis of liver, percussion dulness in, 
2()5 

Coarse bubbling ralefl, 116 

Color of sputum, 144 ; of urine, 286 

Compression, arterial sounds produced by, 

Coii^jestion, venous, 170 
Consistence of sputum, 142 
Consonance, 105 
Constipation, 305 
Constitution, varieties of, 16 
Contraction of chest, 24; after pleurisy, 






Contraction of liver, 204 ; in acute yellow 
atrophy, 265 ; in cirrhosis, 265 

Con«;h, auscultation of, 124; frequency 
of. 120 ; in pertussis, 127 ; tone of, 127 

Cracked -pot percussion -sound, 78 ; in 
pleurisy, 78 ; in pneumonia, 79 ; in 
j)ulmonary cavities, 78; in thoracic 
fistula, 79 



Crepitation, 115 ; artificial, 116 

Crisis, 5 

Croup, laryngosoopic examinatioin in, 324; 
respiratory movements in, 30 

Crystals in sputa, 138 

Cyanosis, 10; in abdominal diseases, 12; 
absence of, in chronio diseases, 11 ; in 
cardiac diseases, 12 ; in pulmonaiy dis- 
eases, 11 

Cyrtometer, 28 

Cystic tumors in larynx, 830 

Cystine in the urine, 802 



Debris of lung-tissue in spntom, 135 

Delimitation of lungs, 82 
Density of the urine, 291 
Depressions of abdomen, 243 
Depressions, localized, of chest, 25 
Diabetes, flow of urine in, 285; spedfio 

giavity of urine in, 292 
Diabetic urine, properties of, 295 
Diarrhoea, 307 
Diastolic thrill, 178 
Dicrotism of pulse. 180 
Dilatation of chest, from mediastinal tu- 
mor, 24 ; in pneumotliorax, 23 ; in pul- 
monary empliysemr., 24 
Dilatation of stomach, inspection, 241 ; 

percussion, 270 
Diphtheritis, laryngoscopio ezaminatiao 

in. : 24 
Diphthonia, 335 

! Dislocation of kidney, inspection, 242 ; 
palpation, 255; percussion, 201 
Dislocation of liver, palpation, 247 ; per- 
cussion. 201 
Displacement of apex -beat of hearts 159 
Distribution of tluid withm the pleura?, 65 
Division of the heart-sounds. 210 
Double arterial murmurs. 2;V2 
Dropsy. 17, hydncniic. IS; passive. 18 
Dry ri lies, 120; sibilant sonorous, 121 
DyspLcea (see acceicraiion of respiration \ 
33 ; cause of, in asthma, 37 ; heat as a 
cause of, 34 ; subjective, 37 



£ 

Echinococcus-vesiclea in sputum, 141 

Elastic fibres in sputum, 136 

Emaciation, 16 

Em])hysema, pulmonary, cyanosis in, 11 ; 
dilatation of chest in, 23 ; di.»<location of 
liver in, 202 ; displacement of apex-l)eat 
of heart in. 160 ; in determinate respira- 
tory murmur in, 108; pneumatic treat- 
ment of , 44 ; resistance to percussion in, 
88 ; respiratory movements in, 29 ; ve- 
nous congestion in, 170 

Emphysema, subcutaneous, 20 
i Encysted peritoneal effusion. 276 
i Endocardial murmurs, 212 ; thrill, 177 
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Epigastrimn, systolic pulsation in, 166 
Epiglottis, examination of, "ii20 
Epithelial tube-casts in the urine, 299 
Epithelium in the sputum, 134 ; in the 

urine, 298 
Excreta, examination of, 2d5 
Expiratory murmur, 99 
Exteut of heart's impulse, 165 



Faecal accumulations, palpation of, 251 
Fatty acids in the sputa, 153 
Femoral veins, pulsation in, 175 
Fever, 3 ; acceleration of respiration in, 
34 ; crisis in, 5 ; pulse in, 7 ; tempera- 
ture in, 3 
Fibrine in the urine, 295 
Fibrinous casts, in the sputa, 137 ; in the 

urine, 300 
Fibroma of the larynx, 329 
Figuratc elements in the urine, 296 
Firht arterial sound, cause of, 205 
Fistula of thorax, cracked -pot percussion- 
sound in, 79 
Fluctuation, sensation of, in the chest, 53 
Fluid in the alimentary canal, palpation 

of, 252 
Foetal heart, sounds of, 283 
Food in the Bputum, 141 
Foreign bodies in the larynx, 331 
Form of the nputa, 142 
Fremitus, bronchial, 52; cavernous, 53; 
endocardial, 177; hepatic, 246; pericar- 
dial, 180 & 224; pleural, 51; vocal (or 
pectoral), 49 
Frequency of cough, 120 ; of pulse, 181 ; 

of raspiration, 33 
Friction, abdominal, 254 ; pericardial, 224 ; 

pleuritic, 122 
Fulness and scantiness of percussion-sound, 

77 
Fungous growths in the motions, 310 ; in 
the sputum, 140 



G 

Gall-bladder, enlarged, palpation of, 247 

Gall-stones, 311 

Gangrene of lungs, sputum in, 153 

Gas in peritoneum, percussion sound o^ 

273 
Gastric murmurs, 281 
Gastro-intestinal canal, auscultation of, 

281 
General nutrition, condition of, 10 
Gmelin's test for bilirubin, 286 
Granular tube-casts in urine, 299 
Gravid uterus, auscultation of, 283 
Great vessels, pulsation of, 180; systolic 

pulsation in, 1 67 
Green sputa, 147 
Gummata, syphilitio, in the lazynx, 327 



Gurgling in the intestines, 281 
Gutbrod-Skoda theory of causation of oax- 
diac impulse, 158 



HsBmatemesis, 805 

Haamaturia, 287 

Hjjematography, 187 

Hssmoglobinuria, 288 

Haamoptysis, 144; diagnosis from hsBinate- 
mesis, 145 

Hard pulse, 185 

Harsh respiration, 97 

Heart, auscultation of, 198; hypertrophy 
of, 101, 195, 207; impulse of, 156; per- 
cussion of, 192 

Heart-sounds, enfeeblement of. 208; foe- 
tal, 283 ; impurity of, 209 ; intensity of, 
206; metallic, 209; redupUoation of, 
210 

Heat dyspnoea, 34 

Helmholtz's resonators, use of, in deter- 
mining size of pulmonary vomicsB, 73 

Hepatic dulness, limits of, 261 

Hepatic fremitus, 216 

Hepatic veins, pulsation of, 175 

Hippocrates acquainted with auscultatioii, 
91 

Hippocratic succussion, 120 

Humming-top murmurs, 233 

Hutchinson^s spirometer, 43 

Hyaline tube-casts in the urine, 299 

Hydatid disease of liver, hepatic fremitus 
in, 246 

Hydatid disease of spleen. 250 

Hydra3mia, as a cause of dropsy, 18 

Hydronephrosis, palpation in, 256 ; percus- 
sion in, 278 

Hydropericardium, cardiac dulness in, 197 

Hydrothorax, percussion in, 66 

Hyper-dicrotous pulse, 187 

Hypertrophy of heart, cardiac dulness in, 
195 ; cardiac sounds in, 207 ; causes of, 
163 ; displacement of apex beat in, 161 ; 
increased force of apex- beat in, 163 

Hypertrophy of spleen, 241 



Icterus, 18 ; two forms of, 13 
Illumination of the larynx, 315 
Impul<^e of heart, 156 
Impurity of heart-sounds, 209 
Indeterminate riles, 117 
Indeterminate respiratory murmur, 108 
Indican in the urine. 290 
Inorganic cardiac murmurs, 217 
Inorganic salt« in the urine, 292 
Inorganic sediments in the urine, 300 
Inspection general, 9 ; of abdomen, 240 ; 
of arterie.H, 1()9 ; in ascites, 242 ; in di- 
latation of stomach, 241 ; of dislocated 
kidney, 212; of hypertrophied spleen^ 
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241; in intestinal diBeases, 241; of 
omental, ovarian, and uterine tumors, 
241 ; of precordial region, 156 ; in renal 
diseases, 242; of thorax, 22; of Teins, 
170 

Insufficiency of jugular valves, venous pul- 
sation in, 174 

Intensity of cardiac murmurs, 214; of 
heart-sounds, 200; of percussion-sound 
of chest, 60; of rales, 113 

Intermission or pulse, 183 

Intermittent fever, temperature in, 6 

Intermittent venous murmurs, 285 

Intestinal calculi. 311 

Intestinal discharges, examination of, 805 

Intestinal diseases, inspection in, 241 

Intestinal murmurs, 282 

Intestinal worms, 311 

Intestine, percussion of, 272 

Irregularity of pulse, lb2 



Jaundice, 18; yellow or green sputa in, 

147 
Jerking respiration, 97 
Jugular murmurs, systolic, 237 
Jugular veins, undulation of, 172 



Kidneys, diagna^'is of movable, 2o4 ; dislo- 
cated, inspection of, 243 ; palpation of, 
254 ; percussion of, 277 



Laennec's theory of causation of bronchial 
respiratory murmur, 103 

Laryngeal dineases, prolongation of respira- 
tion in, -to 

Laryngeal morbid growths, 329 

Laryngeal phthisis, 325 

Laryngeal respiratory murmur, 100 

Laryngeal syphilis, o2G 

Laryngitis acute, 323 ; chronic, 324 

Laryngoscopy, 315 

Larynx, ncute catarrh of, 323; cancer of , 
3^i0; chronic catarrh of, 324; croup of, 
824; cystic tumors of, 330; diphtheri- 
tis of, 324 ; foreign bodies in, 331 ; mor- 
bid growths in, 329; oedema of, 328; 
perichondritis of, 327 ; phthisis of, 325 ; 
syphilis of, 326 

Leucin in the urine, 303 

Leuka3mia, the blood in, 250 

Leyden's theory of causation of bronchial 
asthma, 139 

Liver, contraction of, 264 ; dislocation of, 
261 ; enlargement of, 263 ; pain on pres- 
sure over, 245; palpation of, 245; per- 
cussion of, 260 

Lung, auscultation of, 91 ; normal limits 
of, 82 ; percussion of, 59 



H 

Mediastinal tumors, dilatation of chest 
from, 24 

Mediastinitis, fibrous, pulsus paradoxus in, 
184 

Mediate auscultation, 92 

Mediate percussion, 56 

Medium-sized bubbling rales, 116 

Melanin in the sputum, 148 

Melanotic cancer, pigmented mine in, 
290 

Mensuration of chest, 26 

Metallic echo, 79 

Metallic heart-sounds, 209 

Metallic percussion-sound, 79 

Metallic ndes, 118 

Metallic tinkling, 119 

Metamorphosing respiratory murmur, 105 

Metamorphosis of coloring-matter of san- 
guineous sputum, 146 

Meteorism, intestinal, percussion-sound in, 
272 

Mitral area, 199 

Mitral murmurs, 219 & 222 

Mitral stenosis, reduplication of heart- 
sounds in, 211; venous pulsation in, 
174 

Moore*8 test for sugar in the urine, 295 

Morl;id growths in the larynx, 329 

Morphological elements of the sputum, 
134 

Motions, blood in, 810; concretions in, 
310; fungi in, 310; pus in, 2510; worms 
in, 310 

Movements of respiration, 28 

Movements in the veins of the neck, 172 

Muco-purultnt sputum, 142 

Mucous sputum, 142 

Mucus in the sputum, 141 

Mucus in the urine, 295 

Murmur, expiratory, 99 ; placental, 283 ; 
respiratorv , 94 

[Murmurs, aortic. 220 ; arterial, 230 & 238 ; 
arterial, double, 232 ; cardio-pulmonary. 
237; endocardial, 212; gastric, 2J:J1 ; in- 
testinal, 2^2; mitral, 219; pericardial, 
224 ; pulmonary, 221 ; tricuspid, 221 ; 
venous, 233 

Muscular action as a cause of the first 
heart-sound, 201 

O 

Odor of sputa, 144 

CEderaa, 17 ; glottidis, 828 ; localized, 18 

G^sophagus, auscultation of, 280; stenosis 
of, 280 

Omental disease, inspection, 241 ; palpa- 
tion, 252 

Organic cardiac murmurs, 213 

Organic changes on which cardiac mur- 
murs depend, 216 

Ovarian tumor, diagnosis of, from aAcites, 
250 & 279 ; inspecUon of, 241 ; palpation 
of, 256 



INDEX. 



841 



Oxalate of lime in the nrine, 302 
Oxyhosmoglobin in the urine, 287; spec- 
trum of, 288 



Pain, as a cause of acceleration of the res- 
piratioUf 38; to pressure on the liyer, 
245 
Palpation, of abdomen, 244; of ascites, 
2o2; of bladder, 256; of chest, 48; of 
fascal accumulation, 251 ; ^f tluid in ali- 
mentary canal, 253 ; of gall-bladder, en- 
larged, 247; of liver, 245; of omental 
disease, 252 ; of ovarian tumors, 25(5 ; of 
pancreas, 253; of peritoneal disease, 
252 ; of prsecordial region, 1 77 ; of renal 
tumors, 252 ; of retro -peritoneal glands, 
252 ; of spleen, 248 ; of stomach and in- 
testinal canal, 251 ; of uro-genital appa- 
ratus, 254; of uterus, 258; of veins, 
191 

Pancreas, palpation of, 252 

Papilloma of the larynx, 320 

Paraglobniin in the urine, 295 

Paralysis of the vocal cords, 331 

Pectoral fremitus, 49 

Peptone in the urine, 295 

Percussion of abdomen, 259; in ascites, 
273; of bladder, 278; of chest, 55; of 
heart, 192 ; history of, 55 ; of intestines, 
272; of kidneys, 277; of liver, 260; 
methods of, 55 ; regional, 86 ; rules re- 
garding, 58; of spleen, 265; of stom- 
ach, 2'J9 ; topographical, 81 ; of uterus, 
279 

Percussion-sound, in compression of the 
lungs, 64; cracked pot, 78; in diseases 
of the bronchi, 00; fulness or scanti- 
ness of, 77 ; in hydro thorax, 66 ; in in- 
filtration of the lungs, 62 : metallic, 79 ; 
in pleurisy, 65 ; in pneumonia, 62 ; tym- 
panitic, 69 

Percussion-sound of the chest, 59 ; on 
back, S7 ; on left side, 86 ; on right, 86 ; 
on sternum, 8<i ; intensity of, 60 ; pitch 
of, 07 ; properties of, 60 

Phonometry, 89 

Phosphates in the urine, 293 & 302 

Phthisis of the larynx, laryngoscopio ex- 
amination, 325 

Phthisis pulmonalis, elastic fibres in spu- 
tum of, 1 36 ; respiratory movements in, 
29 ; sputum in, 152 ; typanitio percus- 
sion-sound in, 75 I 

Physical cause of bronchial respiratory 
murmur, 103 ; of bronchophony, 130 ; of 
the first arterial sound, 206 ; of the 
sounds of the heart, 200 

Physical signs of cardiac murmurs, rSsume 
of, 233 

Pericardial effusion, cardiac dulness in, 
197 

Pericardial murmurs. 224 

Pericardial thrill, 180 



Pericardium, adherent, reduplioittlDii of 
heart-sounds in, 212 

Perichondritis of the larynx, 327 ^ 

Peridiastole, 216 

Peripheral arterial sounds, 228 

Perisystole, 215 

Peritoneal diseases, palpation in, 259 

Peritoneal effusion, encysted, 276 

Peritoneum, percussion-sound when gas is 
accumulated in, 273 

Pigmentation of the skin, 14 

Pigments of the urine, 286, 288 

\ Pitch of percussion-sound of chest, 67 

• Pityriasis versicolor. 15 

Placental murmur. 283 

i Pleural fremitus, 51 

Pleurisy, bronchophony in, 180; contraction 
of chest after, 25; cracked pot percus- 
sion sound in, 79 ; dilatation of chest in^ 
23 ; dislocation of liver in, 262 ; displace- 
ment of apex-beat in, 160; friction- 
sound in, 122 ; percussion of chest in, 
65 ; pitch of percussion-sound in, 68 ; 
tympanitic percussion-sound in, 74; 
vocal fremitus in, 49 

Pleximeter, 57 

Pneumatic treatment of pulmonary dis- 
ea-jes, 44 

Pneumatometric types of diseases of the 
lungs, 46 

Pneumatometry, 45 

Pneumonia, bronchial respiratory murmur 
in, 101 ; bronchophony in, 129; cracked- 
pot percussion-sound in, 79 ; percussion- 
resistance in, 88; percussion-sound in, 
62; pitch of percussion-sound in, 67; 
sputum in, 149 ; tympanitic percussion- 
sound in, 75 ; voccd fremitus ia. 50 

Pneumonic crepitation, 1 15 

Pneumo-pericardium, metallic heart- 
sounds in, 209 

Pneumothorax, amphoric resonfmce in, 80; 
amphoric respiratory murmur in, 107; 
dilatation of chest in, 23; percussion- 
resistance in, 88 ; tympanicity in, 73 

Post-expiratory rales, 112 

Pnocordial region, inspection, 156 ; palpa- 
tion, 177 

Presystole, 215 

Prolongation of respiration. 87, 40 

Propagation of cardiac murmurs, 218 

Prune-juice sputum, 151 

Pulmonary area, 199 

Pulmonary abscess, sputum in, 151 

Pulmonary cavities, amphoric resonance 
over. 80 ; amphoric respiratory murmur 
in, 103 ; bronchial respiratory murmur 
in, 101 ; bronchophony in, 129; cardio- 
pulmonary murmurs over, 237 ; cracked- 
pot percussion-sound over, 78 ; metallic 
tinkling in, 119 ; resonant rales in, 117; 
tympanitic percussion- sound over, 71 

Pulmonary diseases, acceleration of req^- 
ration in, 34 ; cyanosis in, 11 

Pulmonary arterial murmurs, 221 
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Pulfiation, in aortic anetuisniB, 167; of fem- 
oral veins, 175 ; of g^eat vessels, 180 ; 
of hepatic veins, 175 ; of jogolar veins, 
172 ; systolic, 106 ; in vena cava inferior, 
175 
False, arterial, 181 ; causes 'of accelera- 
tion of, 7 ; celerity of, 186 ; dicrotism 
of, 186 ; in fever, 7 ; frequency of, 181; 
inequality of, 1 82, 185 ; intermission of, 
183 ; rhythm of, 181 j tension of, 185 ; 
thready, 184 ; tremulous, 184 ; volume 
of, 18a 
»»Pul8-Uhr" (Waldenbui^^s), 190 
Pulsus altemans. 182 ; bigeminus, 182 ; 
celer, 180 ; ditferens, 185 ; deticiens, 
183; myurua, 182; paradoxus, 184; 
tardus, 180; trigemmus, 18^ 
Pulse- waves, 189 
Purulent sputum, 142 
Pus in the motious, 310 
Pus-corpuscles in the sputum, 185 
Pus-corpuscles in the urine, 297 
Putrid bronchitis, sputum in, 153 



Quantity of the sputum, 143 
Quantity of the urine, 285 



R 



Bales, 110; amount of, 112; classification 
of, 110; coarse bubbling. 110 ; dry, 120; 
fiu'.^ bubbling. 115 ; indeterminate. 117 ; 
intensity ol", W'^ \ nmskin-^ the rcBpira- 
tory murmur. 109; mediura-hized bub- 
bling. 11(1; metallic. 118; beard in the 
mou'.h, 114: post-expiratory, 112; res- 
onant and nou-rcRonaut, 117; rhvthm 
of. 112; Ri/.e of, 115 

Reaction of the urine. 200 

Red blooii-corpuscies in the sputum, IT'o ; 
in the urine. 1207 

Reduplication of the heart-sounds, 210; in 
adherent pericardium, 212; cause of, 
210; in mitral stenoRis, 212 

Regional per<!ussion. HO 

Relai)8ing fever, temperature in, 

Remittent fever, temperature in, 5 

Renal diseases, inspection, 242 ; palpation, 






Resistance, sense of. in percussion, 87 

Resonance, amphoric, 70 

Resonant and non-resonant r.dcs. 117 

Resonators, Ilelmholtz's, in determining 
size of pulmonary vomica?, 7.'> 

Respiration, accessory muscles of. 07 ; 
Cheyne- Stokes. 41 ; effects of condensed 
and rarefied air on, 44; exarainat on of 
organs of, "J2 ; frequency of, IJ8; move- 
ments of, 28; prolongation of, 37, 40 

Respiratory diseases, pneumatic treatment 
of, 44 

Respiratory murmur, 94 ; amphoric, 106 ; 



bronchial, 100; expiratoiy, 99 ; indeter- 
minate, 108 ; metamorphosing, 105 ; 
vesicular, 95 

Retraction, systolic, 168 

Retro-pencoueal glands, palpation of, 252 

Rhythm of cardiac murmurs, 214; of 
pulse, 181 

RiegePs double stethograph, 31 

Rouanet*s theory of causation of heart- 
sounds, 200 

Rumbling in the intestineB, 282 

Rusty sputum, 150 



S 

Sanguineous sputum, 142, 144 

Sarcina), in the sputum, 140 ; in the urine, 
303 ; in vomited matters, 305 

Sclerosis of the Eubcutaueous tissue, 21 

Second sound of heart, physical cause of, 
204 

Seitz's double pleximeter, 56 

Sense of resistance in percussion, 87 

Sibilant r.les, 121 

feimplo respiratory murmurs, 94 

Size of r les. 115 

Skin, pigmentation of, 14 

Skoda^s consonance-theory, 105 ; his 
theory of causation of brouchial respir- 
atory murmur. 104; his theory of cau- 
sation of bronchophony, 130 

Soft pul>»e. 185 

Solid constituents of the urine, 292 

S( norous r les. 121 

Sounds arterial. 227; aortic, 228; caro- 
tid. 2'21 ; I'eriphcral arterial, 22^ ; sub- 
ciavian. 2ti8 

Sounds of heart, 108; foetal, 2S:1 ; heard 
along wiih cardiac murmurK, 215; phys- 
ical cau.-e of. 2(H) 

Spasm of the vocal cords. 331 

Spccilic gravity of the urine, 201 

Spectrum of os.\ hicmeglobiu, 2b8 

Spir'^metry. 42 

Spleen, hydatid disease of, 250; inspection 
of. 241 : limits of. 2(57 ; movahle, 219; 
palliation ot, 24.*:< ; percussion of, 205 

Splenic dulncss, enlargement of, 208 

Sp](!r»ic leuktvnra. b!o<xl in, 25() 

Splenic tumor, diagnosis of, 250 

S])hyLrmography. Ib7 

Sputa coctn, 140 

Sputa, (rlassification of, 141 

S,MUtnm crudum, 140 

Sputum, aniorjihous elements of, 141 ; 
biliar>' pigment in. 147; black, 148; 
blue. 140; in bronchi*. ctasis, 144. 154; 
in cataiThal pneumonia. 151 ; color of, 
141; consistence of. 142; in cr-iipous 
pneumonia. 140 ; crystals in. l^l^ ; deb. is 
of lung tissue in, 135 ; in diseases of tie 
air passnges, 140: echmococcus-vesic'.es 
in. 141 ; elastic fibres in. 130; epithelium 
in, 134 ; fatty acids in, 153 , fibrinous 
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coagula in, 137 ; food in, 141 ; form of, 
142 ; fungous growths in, 140 ; in gan- 
grene of lungs, 151, 153; green, 147; 
morphological elements of, 134 ; odor of, 
144; prune- juice, 151; in pulmonary 
abscess, 151 ; pus-corpuscles in, 135 ; in 
putrid bronchitis, 153 ; quantity of. 




in, 140; weight of , 143; yellow, 147 

Stenosis of oesophagus, 280 

Siemum, percussion-sound over, 86 

Stethography. 31 

Biethoscopc, 92 

Stomach, dilatation of. 271 ; inspection of 
epigastric region, 240 ; palpation of, 
251 ; percussion of, 209 ; tumors of, 
250 ; tenderness to pressure over, 251 

Subclavian murmurs, 2;)0 ; unilateral, 238 

Subclavian sounds. 228 

Sul'Cutnncous emphysema, 20 

Sub-dicro ic ]mlse, 187 

Subjective dyspncBa. 37 

Succussion. llippocratic. 120 

Suj^.ir ill the urine. :2U5 ; tests for, 295 

Siili)hate8 in the urine, 293 

Syp lilis (>r the larynx, laryngosoopic ex- 
amination in, 326 

Systolic jugular murmurs, 237 

Sys: olio pulmonary murmurs, 237 

Syst<^lic pulsations, 166 

Systolic riiapiratory murmur, 98 

Systolic retraction, 168 

Systolic thrUl, 178 



Temperature, 3; in chronic diseases, 6; 
in continued fever, 5 ; highest recorded, 
5 ; in intermittent fever, 6 ; method of 
taking, 3; normal 3 (Ss4; in relapsing 
fever, 6 ; in remittent fever, 5 

Tension of the pulse, 185 

Tliermometen*, 3 

Thorax, dilatation of, 22 ; inspection of, : 

Thready p ilse, 184 

Thrill, diastolic, 178; endocardial, 177; 

pericardial, 180 ; systolic, 178 
Tinklinpr, metallic. 119 
Tone of cuugh, 127 
Topographical percussion, 81 
Tracheal resonance of Williams, 76 
Tracheal respiratory murmur, 100 
Trapp's formula for estimating the urinary 

solids, 292 
Tremulous pulse, 184 
Tricuspid area, 199 
Tricuspid insufficienoy, venouB pulsation 

in, 174 
Tricuspid murmurs, 221, 223 
Trommer's test for sugar, 295 
Tube-casts in the urine, 298 



Tuberoalosis, spatnm in, 152 
Tuning-fork, use of, in phonometry, 89 
Tumors, omental, ovarian, and uterine, 

inspection of, 241 
Tympanitic percussion sound, 69; from 
diminution of pulmonary tension, 74; 
in oedema of lungs, 75 ; in phthisis pul- 
monalis, 75 ; in pleurisy, 74 ; in pneu- 
monia, 75 ; in pneumothorax, 73 ; over 
pulmonary cavities, 71 
Tyrosin in Uie urine, 303 



U 



Ulcers in the larynx, 325 
Ultzmann's test for bilirubin, 287 
Undulation of the jugular vein, 172 
Urate of ammonia in the urine, 303 
Urate of soda in the urine, 300 
Uric acid in the urine, 301 
Urinary pigments, 2Sii 
Urine, 285; albumen in, 293 ; bilirubin in, 
286 ; blootl iu, 287 ; blood coloring mat- 
ter in, 287 ; blood-corpuscles in, 298 ; 
catechin in, 290 ; chloride of sodium 
in, 292 ; chyle in, 2t»5 ; color of, 286; 
cystine in, 302; epithelial cel.s in, 298; 
fibrin in, 295 ; fi^urate elements in, 
296 ; indican in. 290 ; inorganic sedi- 
ments of, 300 ; leucin in, 30^ ; mucus 
in, 295 ; oxalate of lime in, 302 ; para- 
globulin in, 295; peptone in. 295; phos- 
phates in, 302 ; pus ci>rpuf(cles in, 297 ; 
quantity of, 285 ; reaction of. 290 ; 
snrcina3 in, 303; solid constituents of, 
292 specific gravity of. 291 ; sugar in, 
295 ; tube ca-sts in, 298 ; tyrosin in,:<03 • 
urate of ammonia in, 303 ; urate of 
soda in, 300 ; uric acid in, 301 ; urrho- 
din in, 290 
Urobilin, 286 
Uroerythrin, 286 

Urogenital api)aratu8, palpation of, 254 
Urrhodin in the urine, 290 
Uteriue tumor, inspection of, 241 
Uterus, gravid, auscultation of, 283 
Uterus, palpation of, 258; percuBsiun of, 
279 



Veins, inspection of, 170 ; palpation of, 
191 ; of neck, movements in, 172 

Vena cava inferior, pulsation in, 175 

Venous congestion, 170 

Venous murmurs, 233 ; intermittent, 235 

Venous pulsation, 172 

Vesicular respiratory murmur, 95 ; absence 
of, 98 ; causes of, 95 ; harsh, 97 ; systolic, 
98 

Vibriones in sputum, 140 

Vierordt and Ludwig's stethogpraph, 81 

Vital capacity of lungs, 42 
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Vocal cords, laryngosoopic ezunination of, 

821; paralysis of, 831 
Vocal fremitus, 49 
Voice, auscultation of 128 ; eofeeblement 

of, 12d ; iu pandysis of tho Tocal cords, 

334 
Volume of the pulse, 188 
Vomited matters, 804 ; ascarideti lumbri- 

coides in, 805 ; blood in, 805 ; aardnsB 

in, 305 
Vomiting, 803 



W 

Water in the sputum, 141 
Waldenburg's *' Puls-Uhr," 190 
Weight of the sputum, 143 
Williams' tracheal resonaDce, 76 
Woillez' cyrtometer, 28 
Worma in the motions, 810 



Yellow sputa, 147 
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